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"IT OUTLASTS THEI1 ALL." 

That's the highly descriptive trade-markof the 

Cali graph * 





Typewriter 

and it means that it is more durable, because 

better made, more permanently satisfactory 

because easier to operate, and more lasting in its original perfection, without costly 

repairs, than any other typewriter made. The excellence of the Caligraph Typewriter 

is being proved daily by many thousands of well satisfied operators all over the 

civilized world. 

Illustrated Catalogue for 1896 sent free on request. Ask also for sample book of 
Typewriter Papers. 

AMERICAN WRITING MACHINE CO., 

Nat'l Broadway Bank Bldg., New York. 

tbe ttlinslow Brothers Company, Chicago, ft|^mm^t|f||i 

Iron 

71 specialty of artistic 
original designs. «««« 

the "Bower-Barff " pro- 
cess preserves the character 
of iron work. Tt leaves ar- 
tistic details intact, the 
genuine " Bower ■ Barff " 
finish is not a paint, varnish 
or enamel— it is a blue-black 
rustless finish produced by 
a peculiar method of heating 
the iron. Our "Bower- 
Barff" process furnaces are 
the most complete in America 

Olrite for estimates 

Designs and fun particulars. 
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THE POLAND SPRING HOUSE. 

THE PHENOMENAL PROSPERITY OF THE POLAND SPRING HOUSE 
Is An Undeniable Testimonial to the True and Jlysterious Virtues of 

POLAND WATER 

An Enviable Record. im Sales of Poland Water 



Chese gates were made by the UMnslow Brothers Company, 
and exhibited at the Olortd's Tair, where they took 
first prize for workmanship and design, they are now 
owned by Gen. torrence, Cake Shore Drive, Chicago, and 
are not the property of the German Emperor, as recently 
reported in the newspapers. **•••••••••*«•*• 



FIRST water ever known to 
eliminate Renal Calculi 
from the system. 

ONLY water in competition 
with the world to receive 
Award and fledal at the 
World's Columbian 
Exposition for 
GREAT PURITY and 
HEDICINAL POWER. 




exceed the COMBINED 
SALES of all the 
Saratoga Springs. 
THIS WATER is shipped to 
Every Continent. 
The DEMAND is a 
constantly Increasing one. 
Its PATRONAGE is gained 
by riERIT, and is 
consequently lasting. 



THE POLAND SPRING HOUSE 



THE MOST SUCCESSFUL RESORT IN THE WORLD. 

OPEN JUNE 1 TO OCTOBER 15. 

lAf I l\/ O Untel Men say: ** Because its table and cuisine are the best we have ever seen." 
Iflf U | / Doctors say: " Because this Wonderful Water, coupled witb tbe purest of airandbest of 
IV III ■ attendance, performs marvels of benefit for theexbausted social leader, alter a season's round of 
duties, or tbe business man, who seeks in the same spot. Health, Rest and Pleasure." 
A PtiNtef "Because it Is ideally placed! A Poem of Nature I Unsurpassed I Ever changing I Ever beautiful." 
Business Men: "Because, I never found more perfect rest. Every comfort of the city, perfect sanitation 
and just enough of the best amusements. It is unequaled." 

The Literary: "Because its grand World's Fair Maine State Building, With Its Free Reading Room, Library, 
and Art Gallery are the wonder and delight of all." 

^" Send for Souvenir and Illustrated Circular, with IPuU Description* Testimonials, etc. 

New York Often l HIRAM RICKER & SONS, Incorporated, I ,5y l0 D " t «J«ft B 
3 Park Place. I SOUTH POLAND, MAINE, U.S.A. 1 Street. 



X = Ray * Apparatus 

of All Kinds, 

For Professionals and. Amateurs.^at 

1 (1) Ruhmkorff Coils 

(oil immersion type). 

(2) High Frequency Sets 

(for alternating current). 

(3) Modern Holtz Machines 

(4) Crookes Tubes 

a. Regular. 

b. Single focus. 
C. Double focus, with adjustable 

vacuum. 
(Thomson Universal.) 

(5) Fluoroscopes. 

(6) Fluorescent Screens. 

(7) Calcium Tungstate. 

Complete Outfits 
For X Ray Work 

Our Thomson Universal 
Double Focus Tube is pro- 
nounced by experts the most 
efficient tube ever made for 
the production of X Rays. 
It is the only tube made that provides for adjustment of vacuum. <M 

Our Ruhmkorff coils of the larger size are of the oil immersion type, 
<& thus insuring the highest degree of insulation. & 

Miniature and Decorative Lamps and Electric Signs. 

EDISON DECORATIVE AND MINIATURE LAMP DEFT. 

^ Jt jt HARRISON, N.J. «**,£«* 




GALVANIZED IRON. 

The best is Apollo. Soft, uniform, workable. 
Rolled just right; no buckling; perfectly flat. 

The worker is at his best with it. Takes less 
time besides. 

Every sheet and part of a sheet guaranteed. 
Which means : Return for any defect whatever. 

Apollo Iron and Steel Company, Pittsburg, Pa. 
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Radiograph made with Thomson Universal Tube on 5 Inch 
spark. Exposure 3 minutes. 




Amelie Rtvea, Louise Chandler Mouttotu Clara Lou isb 
Burnham, Edward Everett Hale, Julia Macro der t Jnjlyni 
P" wthorne, Edgar Fawcett, Mrs. Poultney Blgelow, 
Herbert D. ward, Cleveland Mofifett, Maria Louise Pool, 
and many others contribute to the Summer numbers. 
For sale by all newsdealers. 5c» a copy, by mail from us 
50c. a year, or June, July and August numbers sent to 
any address for lOcT THE PENNY MAGAZINE 
CO.i 031, 041 Tbe Bourse, Philadelphia* Pa, 




WE desire to call attention of consum- 
ers to the fact that we guarantee 
our ready-mixed paints to be made 
only of pure linseed oil and the most per- 
manent pigments. They are not " Chemi- 
cal," " Rubber," "Patent," or "Fire-proof." 
We use no secret or patent method in man- 
ufacturing them by which benzine and 
water are made to serve the purpose of 
pure linseed oil. 

Sample cards, containing fifty desirable 
shades, sent on application. 

FINE VARNISHES. 

Hard Oil-Finish and Wood Stains. 
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The Scientific American. 

The Most Popular Scientific Paper in the World. 

This unrivaled periodical is now in its Fifty-first Tear, and, owing to its 
ever increasing popularity, it enjoys tbe largest circulation ever attained 
by any scientific publication. Every number contains sixteen pages, beau- 
tifully printed, illustrated with the best class of engravings ; it presents 
in popular style a descriptive record of tbe most novel, interesting and 
Important developments in Science, Arts and Manufactures, It shows the 
progress of the world in respect to New Discoveries and Improvements, 
embracing Machinery, Mecbanical Works, Engineering in all branches, 
Chemistry, Metallurgy, Electricity, Light, Heat, Architecture, Domestic 
Economy, Agriculture, Natural History, etc. It abounds in fresh and 
interesting subjects for discussion, thought or study. It provides material 
for experiment at borne and in the laboratory, and it enables tbe intelli- 
gent reader to keep informed as to the industrial and scientific develop- 
ment of tbe country. To the inventor it is invaluable, as every nuaiber 
contains a complete list of all patents and trade marks issued weekly 
from the Patent Office It promotes Industry. Progress, Thrift and In- 
telligence in every community where it circulates. 

The Scientific American should have a place in every Dwelling. 
Shop, Office, School or Library. Workmen. Foremen, Engineers. Superin- 
tendents, Directors, Presidents, Officials, Merchants, Farmers, Teachers, 
Lawyers, Physicians, Clergymen, People in eyery walk and profession in 
life, will derive satisfaction and benefit from a regular reading of THE 
Scientific American. 

As an instructor for the young it is of peculiar advantage. Try it.— 
Subscribe for yourself— it will bring you valuable ideas; subscribe for 
your sons— it will make them manly and self-reliant; subscribe for your 
workmen— it will please andassisttheirlabor ; subscribe for your friends 
—it will be likely to give tbem a practical lift in life. 

TERM* FOR THE SCIENTIFIC AMERICAN. 

One copy, one year, for the U. S., Canada or Mexico $3 00 

One copy, six months, for the U. S., Canada or Mexico 1 50 

One copy, one year, to any foreign country 4 00 

Remit by postal or express money order, or by bank draft or check. 

MUNN & CO., Publishers, 361 Broadway, N. Y. 



The Scientific American Supplement. 

(Established 1876.) 

The Scientific American Supplement is a separate and distinct 
publication from The Scientific American, but is uniform therewith 
in size, every number containing sixteen large pages. The Scientific 
American Supplement is published weekly and includes a very wide 
range of contents. It presents the most recent papers by eminent writers 
in all the principal departments of Science and the Useful Arts, embracing 
Biology, Geology, Mineralogy, Natural History, Geography, Archaeology. 
Astronomy, Chemistry. Electricity, Light, Heat, Mecbanical Engineering, 
Steam and Railway Engineering, Mining, Ship Building, Marine Engineer- 
ing, Photography. Technology. Manufacturing Industries, Sanitary Engi- 
neering, Agriculture, Horticulture. Domestic Economy, Biography, Medi- 
cine, etc. A vast amount of fresh and valuable information pertaining to 
these and allied subjects is given, tbe whole profusely Illustrated with en- 
gravings. 

The most important Engineering Works, Mechanisms and Manufactures 
at home and abroad are represented and described in the Supplement. 

TERMS KORTHESC1ENTIFIC AMERICAN SUPPLEMENT. 

One copy, one year, f or th e U. S., Canada or Mexico $3 00 

One copy, one year, to any foreign country 6 00 

Sold by all newsdealers throughout the country. 

Combined Rates.— The scientific American and Supplement 
will be Sent for one year, to one address in the U. S., Canada or Mexico, on 
receipt of seven dollars. To foreign countries eight dollars and fifty cents 

a year. 

MUNN & CO, Publishers, 361 Broadway, New Tork. 



Building Edition of the Scientific American. 

(Established 1885.) 

The Building Edition of the Scientific American is a large and 
splendidly illustrated periodical. Issued monthly, containing floor plans 
and perspective views pertaining to modern architecture. Epch number 
is illustrated with beautiful plates, showing desirable dwellings, public 
buildings and architectural work in great variety. To architects, builders 
and all who contemplate building this work is invaluable. 

TERMS FOR THE HUH, DING EDITION. 

One copy, one year, for the U. S., Canada or Mexico $!2 50 

One copy, one year, to any foreign country : 3 00 

Single copies 25 

Combined rate for Building Edition with Scientific American, to 
one address, $5. 00 a year. To foreign countries, $6.50 a year. Combined 
rate for Building Edition, Scientific American and Supplement 
$9.00 a year. To foreign countries, $11.00 a year. 

MUNN & CO., Publishers, 361 Broadway, New York. 



Export Edition of the Scientific American 

(Established 1878) 

with which is incorporated " LA America Cientifica e Industrial," 
or Spanish edition of tbe Scientific American, published monthly, uni- 
form in size and typography with the Scientific American. Every num- 
bercontains about 100 pages, profusely illustrated. It is the finest scien- 
tific industrial export paper published. It circulates throughout Cuba, 
the West Indies. Mexico, Central and South America, Spain and Spanish 
possessions— wherever the Spanish language is spoken. The scientific 
American Export Edition has a large guaranteed circulation in all 
commercial places throughout the world. 

Subscription $3 a year, postpaid, to any part of the world. Single copies, 
25 cents. 

MUNN & CO., Publishers, 361 Broadway, New York. 

jy Tbe safest way to remit is by postal order, express money order, 
draft or bank check. Make all remittances payable to order of MUNN 
& CO. 

tW Readers are specially requested to notify the publishers in case of 
any failure, delay, or irregularity in receipt of papers. 



THE EFFECT OF INVENTIONS ON THE 

PEOPLE'S LIFE. 

The material world has advanced so rapidly during 
the last half century, and with a pace so accelerated, 
that mankind has almost lost one of its most important 
faculties, and one essential to happiness — that of sur- 
prise. The nil admirari faculty is attaining a wide 
spread. The most marvelous developments are taken 
as a matter of course — the condition of things fifty years 
ago is seldom pictured to the mind — and all the mate- 
rial blessings which we now enjoy are used as conveni- 
ences of daily life, and no more. Formerly there was 
an idea prevalent that surprise and astonishment were 
emotions of the ignorant. To-day they are rather 
emotions of the scientist. The educated engineer can- 
not without such emotions contemplate the insignifi- 
cant feed wire of a trolley road carrying silently hun- 
dreds of horse power to points all along the line — he 
cannot without these feelings contemplate the electric 
motors, drawing power in proportion to the work 
they have to do, all regulated by the automatic govern- 
ment of counter-electromotive force — he cannot see the 
unstable though gigantic ocean liner filled with every 
refinement of electrical and mechanical art, all working 
perfectly on their never quiet, never level platforms — he 
cannot follow the construction of a cantilever bridge 
with the ensuing changes from compressive to tensile 
stress and the reverse, as the span is completed — these 
things all excite in him such emotions that he cannot 
observe them and know them without a feeling of true 
astonishment at the achievements of mankind. 

Our other columns at once, in their fullness and neces- 
sary and inevitable inadequacy, bear testimony to the 
status of our age. They are filled with most interesting 
matter from the pens of specialists. Yet in spite of the 
special competency of their authors, all acknowledged 
authorities — notwithstanding the pages of matter and 
quantities of illustrations — we feel that the task of tell- 
ing about the progress of a lifetime can at the least be 
only inadequately performed — so much has been 
done. 

The temptation is to consider the greater things, to 
contemplate the 600 foot steamer crossing the Atlantic 
through storm and sunshine — the open hearth furnace 
with its tons of steel, fluid as water and resembling 
molten silver — the immense steam engine and great hy- 
draulic power plant. But we may usefully leave for 
the moment tha monumental works of the last half 
century and see what changes have been effected in our 
daily life by the movement of progress. 

The steam engine has been greatly improved, and in 
the articles on naval progress and the locomotive 
much will be found on its development. The Corliss 
valve motion and the compounding of cylinders, lead- 
ing to more perfect expansion and a longer range of 
working temperature limits, have brought about great 
economy so that one-tenth the fuel will do the same work 
as compared with many engines of the middle of the 
century. In details, such as the supply of water to the 
boilers by injectors and inspirators, doing away with 
the feed pump, the machine stoker for supplying fuel, 
and the feeding of oil drop by drop to the cylinder, the 
drops passing through a glass tube so as to give sight 
feed lubrication, the steam power plant has had 
many and great developments. 

The machine shop has not been neglected, and 
America can boast of the finest machine tools, for wood 
and metal, such as automatic lathes, milling machines 
and shapers, that the world can show. The develop- 
ment of abrasives, emery and carborundum, has made 
the emery grinder a necessary tool in every machine 
shop. The miner even shares in the advance, special 
machinery for extraction of ore, for undercutting and 
drilling being invented, while modern explosives of 
graduated power and quickness make the work of plac- 
ing shots much safer. Compressed air has been used in 
some classes of underground work, but electricity is 
making its presence felt there also, and elpctric ma- 
chinery for tunneling and mining is in extensive use. 

The work of St. Clair Deville in the days of the last 
Napoleon have borne fruit, and now aluminum has a 
recognized place among commercial metals. In its re- 
duction the electric furnace ' and the electrolysis of 
fused salts have been tried, and the cheapened produc- 
tion of sodium has had its effect on the cost of produc- 
tion. 

The lightness of the metal led to hopes that it might 
lead to the construction of a flying machine. The 
development of the laws of moving aeroplanes have 
given a better basis perhaps in this direction than any 
preceding work, and the theory of the internal energy 
of the atmosphere gives a possibility of the solution of 
the problem of soaring flight. Yet very little has been 
really accomplished, although more has been done dur- 
ing the last five years to raise the rational hopes for 
true mechanical flight than during the fifty years that 
preceded. 

Food for the faimily is now procurable in endless 
variety, independent of the season of the year. The 
enormous development of the canned goods industry, of 
cold storage and of cheap transportation makes the 
salmon of Oregon, the delicate fruits of California, and 
the vegetables of the West familiar to the residents of 
the most distant cities. The winter kitchen can have 



every summer vegetable, and the feats of the Romans in 
supplying the tables of its emperors are daily surpassed, 
only it is now done for the benefit of the poor. Even 
in the treatment of food, notably of the cereals, there is 
great advancement, and the roller mill turns out flour 
of greatly improved quality, and with larger yield from 
the grain than was done by the old grist mills. 

In the matter of the transportation of water the most 
impressive achievements of engineering are executed in 
order that at the turning of a kitchen faucet water may 
flow into the kettle of the cook. The contrast between 
old and new methods is nowhere more forcibly pre- 
sented than in the two Croton aqueducts— one of the 
year 1842, following approximately a contour line from 
the Croton Lake to the Central Park, New York, its 
path being traceable from the surface over nearly all 
its extent — the new one of 1890 driven deep underground 
wherever possible, as a matter of preference, and built 
without surface disturbance except at the shafts and in 
one or two difficult places. To supply cities with water 
through such aqueducts, great dams are built or 
natural lakes are utilized. The fact that the lake or 
dam is to be fifty or more miles distant plays no part. 

Perhaps the manufacture of shoes supplies as good 
an illustration as any of the substitution of factory for 
hand work in supplying domestic wants. The Ameri- 
can shoe factory with its workshops filled with ma- 
chinery and with trained operatives, each practiced in 
performing one single operation, using ingenious sew- 
ing machines, producing welt shoes or shoes without 
welt, sends its products to all parts of the world, and 
the hand made shoe is used less and less. 

Foremost among the developments of the last half 
century is the India rubber industry. The discovery 
of the vulcanization of India rubber at once brought 
into the realm of practical uses a unique material, 
India rubber. At first it had been unsatisfactory, 
subject to change of qualities and uncertain in every 
way and affected by variations in temperature. But 
Goodyear's great invention of vulcanization produced 
a new and wonderful material, which has affected 
every department of modern life, and which, as not the 
least of its achievements, has created the modern pneu- 
matic bicycle. It is hard to believe that this invention 
only goes back a little over fifty years. 

In the march of progress the farmer has participated. 
Reaping, mowing, raking, harvesting, plowing, and 
cultivating, form but an incomplete statement of work 
now executed for him by machinery. Steam has long 
been used to do his work — now electricity is stepping 
in to his assistance, and we find an electric plow under 
trial. Patent churns, centrifugal and deep pan cream 
separators make his dairy work easy, and it is further 
simplified by the creamery to which he delivers his 
milk for butter and cheese making by machinery. To- 
day America exports cheese in enormous quantities, 
and many a tourist has eaten in foreign lands, under 
foreign titles, cheese from cheese factories of the Empire 
State. 

The stock farmer who raises cattle for market to sup- 
ply meat is not neglected. His market has expanded 
enormously, until the " roast beef of old England" has 
to be supplied by countries thousands of miles away 
from London. Cattle ships, which in all their appoint- 
ments represent the finest marine engineering, receive 
them and they are dispatched across the ocean with as 
little concern or uncertainty as if it were a ferry which 
was to be crossed. The docks on the Thames receive 
steamer load after steamer load of cattle for the supply 
of the great metropolis and of the country at large. It 
really seems as if, without modern improvements, the 
world would have to go unfed. It would be fairer 
to say that it is the concentration of population 
in such centers as London and New York which 
has made it necessary to provide food supply by 
such methods. Under the conditions of former days, 
in a society more in accord with Mr. Ruskin's ideas, 
we might find the cattle ranges dotted with little vil- 
lages, and London as yet not unified and consolidated, 
its constituent settlements still having independent ex- 
istence. At present it is the other way, and there are 
in the West, deserted cities whose inhabitants were un- 
able to resist the tendencies of the day. The cattle 
trade and food supply systems indicate the tendency of 
the world toward life in great centers of population. 
The deserted farms of New England, like the deserted 
cities of the West, tell the same story. 

There is often a companionship in disease and its 
remedy. Cities grow large, and dwellers in the sv-burbs 
identify themselves with the metropolis. For their 
benefit special rapid transit methods are developed. It 
is very few years since the horse car was welcomed by 
the American city as an improvement on the old rat- 
tling omnibus. The writer recollects the day when 
there were many omnibus lines in New York and when 
the horse railroads of Philadelphia were an object of 
pride and rejoicing. Now all is changed. The horse 
railroad is archaic, and with a few exceptions in the 
way of compressed air, steam and electric motors, tran- 
sit within city limits is done by central station methods. 
The city resident who desires to see the finest example 
of steam engineering has but to visit the power plant 
of his municipal railroad. The maintenance day after 
day and month after month of the great cable roads of 
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New York and other cities is a wonderful triumph of 
engineering practice. The electric trolley road is, how- 
ever, the most powerful of these factors in what we 
have alluded to as the work remedial of the ills of mod- 
ern centralization. From the central stations it sends 
its power lines in all directions through the suburbs of 
cities, and at almost nominal charge carries passengers 
for miles at a speed of ten to twenty miles an hour or 
more. The city worker is no longer obliged to live in 
closely built up streets. The cars escape to the region 
of green fields. The trolley may yet modify cities until 
they become centers of work and not of residence. 

The trolley line with single overhead wire and rail 
and ground return is not a satisfactory thing. Much 
damage has been done by escape, or rather branching, 
of current from its rails. The underground trolley has 
been in use on a couple of roads, one in Ireland and 
one in Hungary, but only recently has it been intro- 
duced into America. The cities of Washington and 
New York have excellent examples of it. As it avoids 
the unsightly aerial wires, with attendant dangers, and 
as the underground system has two insulated conduct- 
ors, avoiding destruction of pipes by electrolysis, the 
best wishes of civic engineers should be extended to it. 

The self-contained motor car which can work inde- 
pendently of any central station is still in embryo. 
Many are in use, especially in Paris, but they are few in 
number compared to the central station car lines. A 
car motor needs such an exceptional reserve of power 
that the problem of devising an adequate motor for it 
is far from easy. The storage battery, for which such 
boundless fields of utility are open as soon as it shall 
become lighter and more practical, has been tried on 
street cars and operates a number to-day. The explo- 
sion oil engine may yet solve the problem. Hitherto 
the weight of the motor mechanism and the difficulty 
of establishing a sufficient reserve of power are the dif- 
ficulties to be overcome. 

We have already alluded to cold storage. Another 
domestic use to which the science of the day has been 
devoted is the production of ice. Ice formerly was har- 
vested entirely from natural sources. Now it is made 
artificially in great quantities, and every first class 
ocean steamer or large steam yacht can make its own 
ice and cool its own refrigerators. In southern regions 
this art makes itself most directly felt, for Florida need 
no longer import ice from Maine. It can be made by 
machinery in quantities required for daily consumption. 

The business man and the litterateur, even the news- 
paper reader, share in the advance. Quick processes of 
illustration have changed the daily journal into an il- 
lustrated publication, and color printing is used in it, 
as well as for works of the highest art. 

The typewriter, a product really of the last twenty 
years, has effected a perfect revolution in the old time 
secretary's art. There is no longer the striving after a 
legible hand of definite style, but the even work of the 
typewriter makes the handwriting of a secretary a 
thing of no importance. The typewriter brings the 
writer's art in close juxtaposition with that of the 
printer, and, following out the analogy, we find the 
modern printer in possession of machines for composing. 

It has long been a dream with inventors to do away 
with the hand composition. Early in the fifties Wil- 
liam Mitchell's type-setting and distributing machines 
were experimented with at the Trow printing office, in 
this city, and were used for some years there. Other in- 
ventors attacked the problem in other ways ; some de- 
voted their efforts to the production of a matrix, by 
means of which a stereotype or electrotype could be 
produced. At last the idea of a matrix-setting in 
contradistinction to a type-setting machine occurred, 
and a complicated and highly ingenious machine was 
invented for carrying out this idea. This machine, the 
Mergenthaler, so called Linotype machine (which might 
more properly be written Lineotype), set, by means 
of a key-board, individual letter moulds or matrices. 
For justification, wedge-shaped spaces or quads were 
used. These were inserted between words, and when 
the line was nearly filled and a syllabic division or end 
of a word was reached, the line was completed by 
thrusting in the wedges. This accomplished the miss- 
ing function of preceding machines — the machine did 
its own justification. When a line of moulds were set 
up the casting of metal against their faces was auto- 
matically done, and a " slug " of one complete line of 
text resulted. Quantities of printer's work is now done 
on machines of this class. It marks the solution of a 
problem of four centuries' standing. 

A very important line of work is in the field of the 
gas and oil explosion engines. In these we have a long 
range of temperature change acting to reduce the low 
economy due to the second law of thermodynamics. 
These machines are now made without ignition tube, 
flame or electric spark igniter, and, as they operate 
without boiler and require scarcely any attention, they 
go far to bring power within the use of all. Ericsson, 
Roper, and others have done well in a parallel line of 
work with hot air engines, and the entire subject of 
displacement of the steam engine is affected by them 
as well as by electric motors. These smaller motors, be 
cause they require so little plant, are now entering into 
the daily life of the individual. They are used in small 
machine shops, small boats are driven by them, and in- 



dustrial conditions may yet be gravely modified by the 
possibility of economically producing small units of 
power with small investment of capital. 

While this indicates the possibility of the division of 
industries into small units, we are confronted on the 
other hand by immense industrial settlements, the 
tendency of the day having brought about consolida- 
tion of interests. Thus we have the car shops of Pull- 
man, 111., supporting a city. We see the great Carnegie 
Iron Works, at Homestead, Pa., covering 110 acres of 
ground and employing 8,000 men, a veritable indus- 
trial army, beyond the imaginations of the past genera- 
tion. 

Formerly watches and clocks were individual crea- 
tions, the tradesman turning out the finished product 
from his little shop. Now the great factory produces 
them, employing every refinement of automatic ma- 
chinery and specialized labor, the principle of inter- 
changeability affecting the product to the last degree. 
The foreign industry has been profoundly affected, and 
the New England timekeeper equals in quality the 
best hand-made product of an earlier day. 

Our theme in this retrospect has been the wonder of 
it all, and in that wonder every few years an awakening 
is observed which finds expression in what has become 
an institution of the last fifty years — great expositions. 
Started in England by Prince Albert, the Consort of 
Queen Victoria, with the World's Fair of 1851, held in Lon- 
don, every few years have witnessed the inauguration of 
a new exposition. After having been started as world's 
fairs and exhibitions of the industry of all nations, they 
have become differentiated and special exhibitions 
have been prepared, covering either special articles or 
special countries, and lately these exhibitions have 
been very numerous. But the long series is punctuated 
throughout at intervals of a few years by real world's 
fairs, each one in splendor and completeness striving 
to outdo its predecessor, until, in 1893, at the great 
Western metropolis, all former efforts were eclipsed by 
the Columbian Exposition, designed to commemorate 
the discovery of America by the great Genoese. It was 
an exposition where a mingling of history and art led 
to the erection of the most magnificent group of build- 
ings and architectural trophies that the world has ever 
seen — where the water from the lake made easy the in- 
troduction of water into the scene, which water, circu- 
lating in beautiful lagoons, was traversed by the Vene- 
tian gondola, the relic of past centuries, and by the elec- 
tric launch, the production of the very moment — where 
the most beautiful art products of the world were fairly 
rivaled in interest by the trophies of thp mechanics' 
and technologists' art — where in the reproduction of 
the features of life in foreign lands the human element 
was made to vie in interest with all the rest. The 
great fair ended, far outdoing anything that the world 
had ever seen. The destruction of its buildings by fire 
formed a fitting culmination of its necessarily short life. 
It is hard to be believed that it will soon be surpassed. 
It seems to represent the proper ending of the nearly 
fifty years period during which such fairs have been held. 



THE PATENT SYSTEM. 

Up to the end of the year 1845, 3,873 patents had been 
issued by the Patent Office of the United States. When 
the year 1895 closed its course, the number was 531,619, 
a wonderful tribute to the inventive genius of the 
American people and more wonderful because out of 
this great number comparatively few were issued to 
foreigners. The largeness of the number is a tribute to 
the far sighted liberality of the patent statutes, origin- 
ally established by our forefathers in the days when the 
individual counted for far more than in the present day 
of fierce competition and wealthy combinations of capi- 
talists. Even in those days, it was recognized that the 
individual inventor required the fostering protection of 
the law, and it was known that the best possible policy 
for the country was to grant him this protection for the 
enrichment of others and for the good of the country at 
large. In the first days of the republic exceedingly few 
patents were granted, but about 1845 the system was in 
full operation and the American nation already began 
to be noted for its inventive powers. The training of 
years of privation and isolation which characterized 
life in the sparsely settled region had caused the Ameri- 
can people to be self-reliant. A farmer separated 
many miles perhaps from the blacksmith shop, with 
absolutely no machine shop within reach, with carpen- 
ters and other tradesmen few and far between, learned 
to do everything himself, and it was unquestionable 
that in these early days the farmers of America display- 
ed a high order of constructive and mechanical skill 
and a quick adaptation to circumstances that have now 
imprinted themselves upon the entire American peo- 
ple. To-day the farmer has complicated machinery to 
take care of, and he does it successfully ; small repairs 
he executes himself, and in him is found the true ma- 
terial that inventors are made of. 

The American race seeming by the force of circum- 
stances to be destined to be mechanical, have developed 
among themselves a special genus or race, that of inven- 
tors, men who have been termed by the courts of highest 
standing geniuses — men who in their work exercise the 
undefinable quality of invention — the most difficult 
statutory requirement which the courts ever have to 



define; and it is this race of inventors who spend their 
lives far too often in perpetual striving and in poverty, 
while really working for the good of humanity, in the 
simple hope that their efforts will be appreciated by 
the cold business sense of mankind and that the selfish 
interest of the world will give them their reward. 
They and their work are the constant exponents of the 
theory of the patent statutes, a theory little understood, 
and one which it seems as if the very courts of law 
themselves sometimes fail to grasp, and for whose en- 
lightened elucidation the decisions of old time judges, 
the ornaments of the American judicial bench, can be 
appealed to with the certainty that the inventor will 
there receive his due. 

The theory of the patent law is simple. The coun- 
try is enriched by inventions, and offers for them a 
small premium ; this premium is a seventeen years' 
monopoly of their fruit — no more, no less. Having pur- 
chased the invention for this insignificant price, the 
purchase is consummated by the publication in the 
patent records of the details of the invention, so that he 
who runs may read. The whole thing is a strictly busi- 
ness transaction, and this character is emphasized by 
the fact that the inventor is required to pay for the 
clerical and expert labor required to put his invention 
into shape for issuing. His patent fees are designed to 
cover this expense, and do so, with a considerable mar- 
gin to spare. Thus the people of the United States are 
perpetually being enriched by the work of inventors, 
at absolutely no cost to themselves. 

The inventor does not work for love nor for glory 
alone, but in the hopes of a return for his labor. Glory, 
and love of his species, are elements actuating his work, 
and in many cases he invents because he cannot help 
himself, because his genius is a hard task master and 
keeps him at work. But none the less, the great in- 
citement to invention is the hope of obtaining a valua- 
ble patent, and without this inducement inventions 
would be few and far between, and America would, 
without the patent system, be far in arrears of the rest 
of the world, instead of leading it, as it does to-day. The 
few pregnant sentences of the patent statutes, sentences 
the force of whose every word has been laboriously ad- 
judicated by our highest tribunal, the Supreme Court 
of the United States, are responsible for America's most 
characteristic element of prosperity, the work of her 
inventors. 

It would be idle to attempt to recapitulate here the 
great inventions of the last fifty years, for their name is 
legion. Morse's unequaled work in telegraphy, Reis' 
pathetic struggle to invent the telephone ; the develop- 
ment of the dynamo by a host of ingenious inventors ; 
the development of the compound and multiple expan- 
sion steam engine from the engine of fifty years ago, 
which was practically what was left by the great in- 
ventor Watt from the last century ; the unequaled in- 
ventions in the world of steel, in bridge building and in 
naval engineering ; the sewing machine ; typewriters ; 
these and myriad others will occur to the reader of our 
columns, and from the contemplation of it all but one 
moral can be drawn, one lesson deduced. We are in- 
debted for most of this progress to the patent system. 
America's progress is a direct plea for the protection of 
the inventor. 

Take away from the inventor the pecuniary reward 
of his invention, and what stimulus is there, especially 
if he be a poor man, for him to devote his time and 
energies to the development of his ideas ? Those who 
read in these pages of the struggle against poverty of 
Morse and Howe and Wilson and a score of others 
while they were developing their inventions, will un- 
derstand that finally these men received the reward for 
their unswerving devotion to their work. The sewing 
machine industry is a case in point ; while the patents 
remained in force, the business was enormously profita- 
ble, and these machines of American invention were in- 
troduced all over the world. Several of the large com- 
panies have taken up the manufacture of bicycles, 
while others have been forced into bankruptcy. 

If the American patent system be changed in any way, 
the path of the inventor should be made an easier one 
and his rights should be more sedulously guarded than 
ever. The work of invention is going on in all lands, 
and any cessation in activity on the part of the Ameri- 
can inventor will go to reduce America's rank in the 
world of nations. In the present epoch, a very short 
period will be required to leave us hopelessly distanced 
in the competition. Any blow at her inventors will be 
a blow at the very heart of America's industrial life and 
material and intellectual prosperity, and it is hard to 
believe that such a blow will ever be given. 

The following figures give an idea of the development 
of American inventions during the past fifty years : 

United States patents and reissues issued in 18 15 603 

" •' " " 1855 2,018 

" » * " 1865 6,616 

* * «• 1875 14,837 

" " " 1885 24,233 

" " " " 1895 22,067 

Greatest number issued in any year sinco 1845, 1890. 26,292 

Smallest «* " " " 1845 503 

Patents issued for carriages and wagons 20,821 

" u stoves and furnaces 18,972 

" " electrical Inventions 18,052 

" " clasps, Luckte and buttons 12,177 

" "■ packing and storing vessels 11,323 

* *> plows 10,343 

" " harvesters 10,334 

" " mills 10,048 

Class for which smallest number of patents were Issued : 
Silk rr 108 
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THE TRANSATLANTIC STEAMSHIP. 
In tracing the history of the part played by the 
United States in the development of the transatlantic 
steamship during the past fifty years, it will be a par- 
donable inconsistency to run back some seventy-five 
years to an earlier date and make mention of the first 
steamship that made the transatlantic passage — the 
American-built Savannah. During the latter part of 
May, in the year 1819, this little craft of about 350 tons 
sailed from Savannah, Georgia, and, after a prosperous 
voyage of 28 days, lasting from May 22 to June 20, she 
anchored in the Mersey, having made use of 
steam for eighty hours of the time occupied 
by the trip to Liverpool. She was built on 
the East River, New York, and was origin- 
ally designed as a sailing packet ; and, if we 
may judge from the old engravings, her sail 
plan does not appear to have been cut down 
to any extent after the engines were intro- 
duced. This latter work was done at Savan- 
nah, Georgia, where she was prepared for her 
new venture by her owners, William Scar- 
borough and others. The engines were direct 
acting, and the paddle wheels were so con- 
structed that in stormy weather they could 
be unshipped and stowed on deck. She had 
stowage capacity for 70 tons of coal and 25 
cords of wood. 

The distinction of having built the first 
steamship that ever crossed the ocean, pro- 
pelled all the way by steam, belongs to the 
western world. The feat was performed 
by a Canadian-built vessel, the Royal Wil- 
liam, which, in 1833, made the passage from Quebec to 
London. This performance, together with the passage 
of the steam-equipped Savannah, fourteen years be- 
fore, makes it evident that the credit of originating trans- 
atlantic navigation should be accorded to the New 
World. It was fitting and natural that it should be so. 
River navigation had proved so successful that the 
steamship builder naturally turned his thoughts to the 
ocean, and it was a logical step from the prudence 
which made only a partial introduction of steam in the 
Savannah to the more ambitious attempt to equip the 
Royal William with steam power and fuel capacity 
sufficient for an entire passage. 

The first American steamer built expressly for ths 
Atlantic trade was the United States. She was con 
structed at New York by William H. Webb for the 
Black Ball line of packet ships. Her first voyage was 
made to Liverpool in 1847, and lasted 13 days. She was 
a splendid steam vessel for those days, being of 2,000 
tons burden and measuring 256 feet in length by 50 
feet beam, and 30^ feet in depth. She has the distinc- 
tion of being the first merchant steamship constructed 
for naval use as a cruiser, provision being made for 
arming her with two tiers of guns. Her life in the 
merchant marine, however, was short, for, after making 
one round trip to Liverpool, she was purchased by the 
Prussian gov- 
ernment for use 
in their navy 
as a steam fri- 
gate. 

Following 
the United 
States came 
the Washing- 
ton, of 1,700 
tons, and the 
Hermann, of 
1,800 tons, 
built in 1847 to 
run between 
New York and 
Bremen ; the 
Franklin, of 
2,400 tons, built 
in 1848 to run 
between New 
York and 
Havre, to 
which, in 1850, 
was added the 
Humboldt, of 
2,850 tons. 
These two 
ships were 
owned by the 
New York and 
Havre Steam 
Navigation 
Company, who 
received a sub- 
sidy of $150,000 
a year for car- 
ryingthe mails. 

It was during this decade that a ship was launched 
on the other side of the water which, although it does 
not represent American development of the ocean 
steamship, gave so powerful a stimulus to ocean navi- 
gation that it claims a passing notice. This was the 
first iron transatlantic steamship, Great Britain. She 



was designed by that distinguished engineer Brunei, 
and, like many other of his creations, marked a great 
advance upon anything previously attempted. She was 
approximately a 3,200 ton vessel, and therefore as large 
again as any transatlantic ship of her day. Her length 
was 322 feet, beam 51 feet, and her depth 32 feet 6 
inches. Brunei showed his far-sighted appreciation of 
the valut of screw propulsion by discarding the paddle 
wheel and fitting her with a screw propeller ; and by 
the substitution of iron for wood, and the screw fori the 
paddle wheel in this one ship, he introduced two fac- 
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tors which have contributed immensely to the efficiency 
of the transatlantic steamship. An engraving and a 
detailed description of this remarkable ship is to be 
found in the first issue of the Scientific American, 
published by Munn & Company, a facsimile of which 
will be found on the front page of this issue. Her first 
passage was accomplished in 15 days, at an average 
speed of 9 knots an hour. 

Before passing on to a consideration of the ships of 
the celebrated Collins line, and by way of introduction 
to this distinctively American venture, it is necessary 
to linger awhile on the other side of the Atlantic, and 
take note of the origin and early development of the 
famous Cunard line, which was the first company to 
bind itself to maintain a regular service with fixed 
dates of departure from each side of the Atlantic. 
Briefly told, the story of the foundation of this great 
enterprise is as follows : At the close of the fourth de- 
cade of the century, a Mr. Samuel Cunard, of Halifax, 
Nova Scotia, who was conducting a mail service be- 
tween Boston, Newfoundland and Bermuda, received 
a copy of an Admiralty circular calling for tenders for a 
steam packet service across the Atlantic. Failing to 
get assistance in Canada, he crossed to Liverpool, where 
he fell in with Robert Napier, the engineer and ship- 
builder, and through him met George Burns and 
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CUNARD STEAMSHIP-LEAVING BOSTON FOR LIVERPOOL 
THROUGH THE ICE BY THE MERCHANTS OF BOSTON, 

David Maclver, who furnished the $1,350,000 required | 
capital. A seven years' contract with the government 
was forthwith signed, by which the company were to 
provide four steamers and dispatch one of them from 
Liverpool for Halifax and Boston on the 4th and 19th 
of every month from March to October, and on the 



4th of each of the four winter months. For this they 
were to receive $400,000 per year. 

The ships were of 2,050 tons displacement, being 207 
feet long, 34)^ feet broad and 22J£ feet deep. The 
engines were of 403 nominal horse power, and the coal 
consumption was 38 tons a day. They carried 640 tons 
of coal, 225 tons of cargo, and 90 first-class passengers, 
and their speed was 8J^ knots an hour. 

The Britannia, the first of the four ships, started on 
her maiden trip from Liverpool on July 4, 1840, and 
on July 19 was received in Boston with unbounded en- 
thusiasm. The new line was immensely 
popular with the Boston citizens, and when, 
in February, 1844, the Britannia was frozen 
up in the harbor, the merchants of Boston, 
at their own expense, cut a channel seven 
miles long through the ice to the open sea, 
through which the ship sailed on the ap- 
pointed day. This voluntary work cost no 
less than $20,000. 

During the ten years 1840-50 the Cunard 
ships held all but undisputed control of the 
steamship traffic between America and Eng- 
land, and it was the inroads which they were 
making upon the trade of the celebrated 
American clippers which, in 1845, led the 
owners to equip one of these vessels, the 
Massachusetts, with an auxiliary screw. In 
1847 the public enthusiasm in America was 
aroused by the dispatch of the Washington 
to Bremen by way of Southampton, on the 
same day as the Britannia sailed for Liver- 
pool. The Britannia won the race by two 
days. "The popular enthusiasm on the subject was 
sufficient to overcome the reluctance of Congress to 
grant a subsidy, and a company was formed under the 
management of Mr. E. K. Collins, of New York, to 
establish a line of American steamers between that 
port and Liverpool." 

It was clearly foreseen that if the new American 
ships were to compete successfully against the power- 
ful and popular Cunard line of steamers, they would 
have to surpass the latter in both size and speed. 
Four ships were determined upon ; and encouraged 
by a government subsidy of $385,000, and the pay- 
ment of $415,867 for carrying the mails, the company 
spared no expense to make them the finest specimens 
of marine architecture afloat. The splendid record of 
the Collins sailing ships made it certain that the model 
of the new ships would be suitable for high speed, and 
the design of the machinery was intrusted to Messrs. 
Sewell and Faron, chief engineers of the United States 
navy. Mr. Faron was sent to England to inspect the 
machinery and ascertain the boiler pressure of the 
largest Cunard boats, and on his reporting that they 
carried thirteen pounds to the square inch in the boil- 
ers, it was determined to give the new ships sufficiently 
larger engines, with the same boiler pressure, to insure 
their equaling the speed of the Cunard boats. The 

construction of 
the four ships 
was pushed 
through with 
all dispatch, 
and in 1850 the 
American com- 
pany had four 
ships afloat, 
which in size, 
speed, luxuri- 
ous accommo- 
dation, and 
general beauty 
of finish were 
admitted, (.ven 
by the - ; val 
company, to be 
in advance of 
anything afloat 
at that time. 
Then began a 
fierce struggle 
for the blue rib- 
bon of the seas, 
and the tri- 
umphs of the 
famous sailing 
ships of this 
company were 
repeated in the 
brilliant suc- 
cess of their 
steam fleet. To 
save time on 
the passage, 
the Cunard 
line ceased to 
call at Halifax ; but in spite of this they were easily 
and consistently beaten by their competitors. 

The Pacific of the new line was the first ship to make 
the passage from New York to Liverpool in less than 
10 days, her time during a passage in May, 1851, being 
9 days, 20 hours, 16 minutes, and in February of the 
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next year the Arctic broke the record by crossing in 9 
days, 17 hours, 12 minutes. How complete was the 
supremacy of this line may be judged from the fact 
that the average time of the Collins boats in crossing 
from New York to Liverpool during the year 1852 
was 1 day 6 hours and 18 minutes less than that of the 
rival line. The Collins line secured the larger share of 
the passenger traffic, carrying between January and 
November, 1853, 4,306 passengers, against 2,969 carried 
, by the Cunard company. The illustration of the 
Arctic herewith reproduced from Stuart's " Naval and 
Mail Steamers" was originally 
engraved from a daguerreotype, 
which was taken as she lay at 
her moorings at the foot of Canal 
Street, New York, and may be 
relied on as a faithful representa- 
tion of these vessels. It will be 
seen that they were characterized 
by the high freeboard which has 
always been an excellent feature 
of American practice, and this, 
no doubt, contributed largely to 
their seaworthiness and comfort 
in heavy weather. The Arctic 
was 282 feet long by 45 feet beam 
and 32 feet deep, and her ton- 
nage was 2,860. The engines 
were of the side lever condensing 
type, with cast iron beams and 
wrought iron columns and 
braces. The valves were of the 
balance poppet variety. The 
boilers, which were specially de- 
signed by Mr. Faron for these 
boats, were square in cross sec- 
tion, and carried about 17 pounds 
of steam. To secure a powerful 
draught the smokestack was 
made unusually lofty, the top 
being 75 feet from the firebars. 
The average performance of the 
Arctic during February, 1852, was 
asfollows: Boiler pressure, 169 pounds; revolutions, 158 
per minute ; coal consumption per day, 843 tons ; speed, 
3164 knots per day. Her greatest day's run was 320 
knots, at the rate of 133 knots per hour, a splendid 
record for those early days. The Collins venture, 
which opened so brilliantly, closed with disaster. The 
Arctic was sunk by collision in 1854, and went down 
with 520 souls. A year later the Pacific left Liverpool 
never to be heard of again. In spite of these losses, in 
the following year the company launched the Adriatic, 
u / | t 4 ^ tons, a superb vessel ; but the persistent efforts 
of the Cunard company, who, in 1855, launched the 
Persia, a 3,870 ton iron steaffi$r of about 14 knots speed, 
coupled with these heavy losses an3 &2S withdrawal of 
the government subsidy, finally brought about tbs4iS; 
solution of this 
famous compa- 
ny. The sail- 
ing of these 
ships was tak- 
en up by the 
In man, now 
the American 
line, of which 
mention will be 
made later. 

American in- 
terests on the 
Atlantic subse- 
quent to the 
decease of the 
Collin s line 
were represent- 
ed by the Ful- 
ton, of 2,061 
tons, and Ara- 
go, of 2,260 
tons, and the 
famous Van- 
derbilt, of 3,360 
tons burden, 
the latter, 
launched in 
1855, being the 
fastest ocean 
steamship o f 
her day. She 
crossed east- 
ward in 9 days, 
8 hours, and 
westward in 9 
days, 9 hours 
and 24 minutes. 
In the year 
1853 a company was formed in England to con- 
struct a steamship which could make the round 
trip to Australia and back at a speed of 18 knots, and 
carry sufficient coal for the purpose. Mr. Brunei was 
intrusted with the designs, and the result was the 
Great Eastern, a ship which even to-day would dwarf 



our biggest ships by her huge proportions. Like the 
Great Britain, she showed the free hand and inventive 
genius of her designer. She was in every detail a 
splendidly built ship, both as regards hull and engines. 
Her dimensions were : Length, 680 feet; breadth over 
paddle boxes, 118 feet ; beam, 83% feet ; depth, 58 feet ; 
draught, 30 feet ; displacement, 32,160 tons ; tonnage, 
22,500; cargo storage, 6,000 tons; coal storage, 12,000 
tons ; diameter of paddle wheels, 56 feet. She was 
driven by paddle wheels and a screw propeller, 
each of which was proviied with separate engines and 
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boilers. Launched in 1858, she cost complete no 
less than $3,650,000. Her maiden trip was made 
from Southampton to New York in 1860, her highest 
speed during the trip being 14% knots an hour, and 
her longest day's run 333 miles. She consumed on 
the trip 2,877 tons of coal. The Great Eastern was 
of such colossal size that she was but little affected 
by wind and weather, and except on one occasion, 
when she was disabled and fell off into the trough of 
the sea, passengers testified to her easy motion in the 
heaviest storms that were encountered. Commercially 
considered, however, she was a complete failure from 
the very start. But though she was disastrous to her 
owners, she conferred an incalculable boon upon the 
world at large by successfully laying the first Atlantic 




'ftfr»*If» Stoats Iiil t M.il Stctnun V 8, 

SIDE LEVEE CONDENSING ENGINES OF THE ARCTIC, 

cable in 1866. After doing various, but always un- 
profitable, work, she laid two more Atlantic cables in 
1873 and 1874. She was finally, in 1888, sold for old iron 
and broken up at Liverpool. 

Soon after the withdrawal of the Collins line there 
came the great civil war, with its disastrous effects upon 



American shipping interests. So effective were the 
depredations of the Confederate cruisers, that the 
American merchant marine was practically swept from 
the seas, and at the close of the war we were not only 
weakened by actual losses, and the general discourage- 
ment of commercial enterprise, but foreign maritime 
nations were proportionately enriched. 

A few official figures tell the story of this decline more 
eloquently than any multiplication of words. The total 
number of steam and sailing vessels built in the United 
States in 1847 was 1,597 ; this fell in 1862 to 864, and in 
1895 to 694. On the other hand, 
the total tonnage of vessels sold 
to foreigners in 1847 was 16,969 ; 
in 1861 it was 26,649 tons ; in 1862 
it rose to 117,756 tons, and in 
1864 to 300,865 tons 1 

It is not surprising that at the 
close of the war American capi- 
tal looked with distrust at marine 
transportation, and directed its 
energies to the development of 
the vast internal resources of the 
country ; and with what energy 
it did so is shown in the marvel- 
ous growth of the railroads dur- 
ing the next forty years. The 
development of the transatlantic 
steamship was left entirely in the 
hands of the English and Eu- 
ropean builders, and as the scope 
of the present review covers 
mainly the American share in 
this development, it will be suffi- 
cient to indicate the progress 
abroad by noting briefly its most 
important advances. 

The screw was now rapidly 
driving out the paddle wheel, 
the Scotia, a 3,870 ton ship, be- 
ing the last of the latter type 
built for the Cunard line. She 
was the first to make the pas- 
sage in less than 9 days, covering the distance in 8 
days, 3 hours, in 1863. To the Inman, now the Ameri- 
can line, is due the credit of bringing the time of 
passage below 8 days, a feat accomplished in 1869, by 
the City of Brussels, a 3,747 ton screw steamer, whose 
time was 7 days, 22 hours, 3 minutes. The year 1871 was 
marked by the advent of the White Star line, whose 
boats, the Oceanic and Adriatic, introduced many 
new features conducive to the comfort of travel, and 
maintained a high standard of speed and regularity. 
The 7 days limit was first passed by the Alaska, of the 
Guion line, which made the trip, in 1882, in 6 days, 22 
hours; and the credit of bringing the time below 6 days 
belongs to the City of Paris, of the Ininan line (now the 
Paris of the American line), which, in 1889, made the 

westward pas- 
sage in 5 days, 
19 hours and 18 
minutes. The 
present record 
of 5 days, 7 
hours and 23 
minutes is held 
bv t li e Luca- 
nia, of the Cu- 
nard line. 

Al t h o ugh 
with the excep- 
tion of the four 
ships built for 
the American 
line of 1870, we 
took little part 
in the construc- 
tion of Atlantic 
steamships 
during these 
forty years, 
American capi- 
tal was largely 
i n t e r e s ted in 
the celebrated 
Inman line, 
which started 
out in 1850 with 
two iron, screw 
propel led 
ships. Since 
that time they 
have been fully 
abreast, if not 
ahead, of any 
other company 
in t h e adop- 
tion of the various improvements which have made 
the steamship what it is to-day Their early steamers 
were all of iron and fitted with the screw propeller; they 
adopted the compound engine with its higher boiler pres- 
sure and consequent economy in fuel ; and in 1889 and 
1890, after the company had been reorganized as the In- 
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man and International Company, they made anotherrad- 
ioal departure in that magnificent pair of ships the City 
of New York and the City of Paris, which were the first 
to be furnished with twin screws combined with triple 
expansion engines. These boats were, in every respect, 
a great advance upon anything built or planned at that 
date. Their 10,500 tonnage, their 20,000 indicated horse 
power distributed between two engines, in separate 
watertight compartments, their speed, and every de- 



principal dimensions are : Length over all, 554 feet ; 
breadth, 63 feet ; moulded depth, 42 feet ; gross reg- 
ister, 11,629 tons. They are built of steel, with a double 
bottom, and a minute cellular subdivision. They are 
so subdivided by athwartship bulkheads that, if two 
adjoining compartments were flooded, they would have 
an ample margin of flotation. The quadruple ex- 
pansion engines which we illustrated in a recent issue 
aggregate about 20,000 horse power. An interesting 



now holds the record from Southampton to New York, 
having crossed in 6 days, 5 hours and 22 minutes, at an 
average speed of 20 '82 knots, the longest day's run be- 
ing 521 9 knots, at an average speed of over 21 knots an 
hour. This performance has been exceeded, it is true, 
by the Lucania and Campania, ships of 13,000 tons dis- 
placement, the former of which has an average speed 
record of 22 knots an hour for the whole trip. As the 
latter is equipped with 30,000 horse power against the 




THE GREAT EASTERN, LAUNCHED 1858. 

Length, 680 feet; breadth, 83J^ feet; breadth over paddle boxes, 118 feet; depth, 58 feet; draught, 30 feet; displacement, 32,160 tons; tonnage, 22,500; 

average speed, 11'23 knots; time, Southampton to New York, 11 days; cost, $3,650,000. 



tail of their furnishings and equipment, were a fresh 
evidence of the old time farsightedness and liberality 
of the Inman line. 

In order to encourage the building up of the Ameri- 
can merchant marine, the Congress of the United 
States, in 1892, passed a special law by which authority 
was given to this company, now known as the Interna- 
tional Navigation Company, or the American line, to 
place under the American flag the City of New York 
and the City of Paris, provided other ships of an equal 
tonnage and speed were at once built in this country. 
The contract for the new ships was placed with the 
Messrs. Cramp, of Philadelphia, and the result was a 
noble pair of vessels, the St. Paul and the St. Louis, 
which both commenced active service in 1895. They 
are the second largest and fastest pair of ships in the 
world, being, exceeded in these respects only by the 
Campania and I"oania, of the Cunard line. Their 



comparison can be made between them and the Arctic's 
engine, shown on another page. The St. Paul has two 
sets of engines, each of which has six cylinders, arranged 
over four cranks, the first pair of cranks being driven 
by a pair of high pressure and low pressure cylinders in 
tandem, the remaining cranks being each driven by first 
and second intermediates. The screws are three bladed, 
each screw being driven by its own engine, as in the 
Paris and New York. Steam at 200 pounds pressure is 
furnished by six double-ended steel boilers, 15 feet 7% 
inches in diameter and 20 feet long. The total heating 
surface is 30,000 square feet. The ships are so designed 
that they can be quickly converted into armed cruis- 
ers, carrying eight 6 inch rapid fire guns, the mail con- 
tract stipulating that they shall be so utilized in the 
event of war. During the twelve months that they 
have been on the route, the St. Paul and St. Louis have 
shown a steady increase in speed, and the former ship 



20,000 horse power of the St. Paul, it will be seen that, 
judged as a relative performance, that of the St. Paul 
is the more creditable. 

Space forbids a more detailed descriptioft gf these, 
the latest additions to the great transatlantic fleet of 
steamships. 

Fifty years ago, a few score passengers were carried 
in cramped, ill-lighted and stuffy cabins, upon small 
paddlewheel boats, which dragged wearily across the 
ocean at 8}4 knots an hour ; to-day, the St. Paul can 
carry 1,700 souls from port to port, at 21 knots an hour, 
and provides her passengers with accommodations ri- 
valing those of the finest modern hotel. She can take 
care of 360 first-class, 175 second, and 775 third-class pas- 
sengers, or 1,310 souls in all. For the navigation of the 
ship 60 officers and men are necessary ; the engine and 
boiler rooms find work for 175 more ; and there is a staff 
of 160 waiters, etc., in the steward's department. The 




THE NEW AMERICAN ATLANTIC LINERS ST. LOUIS AND ST. PAUL, 1895. 

Length, 554 feet ; breadth, 63 feet ; depth, 42 feet ; tonnage, 11,629 ; average speed of St. Paul, 20 - 82 knots ; holder of the record, Southampton to 

New York, 6 days, 5 hours, 22 minutes; approximate cost, $3,200,000. 
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expenses of such a ship are, necessarily, enormous, one 
of the great English companies having recently admit- 
ted that they run as high as $5,000 a day with a full 
complement of passengers. To furnish the 20,000 horse 
power for the engines of the St. Paul requires the con- 
sumption of 310 tons of coal per day ; and the consump- 
tion of provisions by the passengers can be judged from 
the list of supplies carried for one trip, some of the 
items being as follows : 30,000 pounds of beef, 10,000 
clams and oysters, 500 pounds of coffee, 3,000 pounds of 
butter, 3,000 pounds of sugar, 16 tons of potatoes, 15,000 
eggs, and 140 barrels of flour. 

In tracing the various stages of the development of 
the transatlantic steamship, it is found that each de- 
cade was marked by some radical departure from the 
practice of the decade which preceded it. In the ac- 
companying table it is attempted to mark this progress 
approximately, showing the most important changes in 
construction, the approximate rise in boiler pressure, 
and the approximate improvement in engine perform- 
ance : 



Decade. 



1845-55 
185.5-65 
1865-75 
1875-85 

1885-95 



Development in construction. 



Iron in place of wood 

Screw in place of pad Jle wheel 

Compound in place of simple engines . 
Steel in place of iron, and triple expan- I 

sion engines f 

Twin screws, quadruple expansion and I 

forced draught f 






10 to 20 
20 " 35 
35 " 00 



125 



125 "200 



J, 1 

as 

- i 

a. . a 



4'5 to 3 5 
35 '• 2-9 
29 '-2 2 



2-2 ' 
19 ' 



1-9 
1'3 



Space forbids a more extended treatment of a subject 
which has an increasing interest for all patriotic Ameri- 
cans ; but enough has been said to show that the part 
played by the United States in the development of the 
transatlantic steamship has been far more extended 
and important than is perhaps generally supposed. It 
dates from the earliest records, when the Savannah 
opened the very first chapter of its history by her mem 
orable voyage to Liverpool ; and the easy triumphs of 
the Collins line in the fifties bid fair to be repeated in 
the history of the American line of to-day. 



RAILROADS AND BRIDGES. 
The railroad system of the United States is remarka- 
ble, alike for the rapidity and proportions of its growth, 
and for the fact that it expresses the adaptiveness and 
ingenuity of the American people more, perhaps, than 
any other field of enterprise to which they have di- 
rected their energy and capital. In the whole range of 
engineering work there is nothing more distinctively 
American than the American railroad ; nowhere is the 
national faculty of adapting the means to the end 
more consistently manifest than in the development of 
this vast system of transportation. From its cheap 



prairie track, built at $15,000 a mile, to its superb 
"limited" trains, with their full complement of costly 
parlor, sleeping and dining cars, the whole system is 
the outcome of an attempt to satisfy the luxurious 
tastes of a people who were scattered over a vast area 
of more or less undeveloped country. 
It was realized at the outset that it was neither 
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RAILROAD FOSTER OF 1845. 

expedient nor possible to build American railroads 
according to the expensive methods of European engi- 
neers. The conditions in the two countries were en- 
tirely different. The early roads in England and on 
the Continent were built through populous districts, 
and between large cities, and the day of the opening 
of a new line found passengers on every platform 
and freight in every yard. Large receipts were as- 
sured and dividends were certain. Hence it was 
good policy to construct the roadbed in the most 
solid manner, and lay out the line with a view to 
economy of operation. Hills were tunneled, deep 
cuttings opened, massive embankments raised, and 
every expedient known to the engineer and contractor 
was used in the effort to produce a line that should 
be at once level and straight. The result, as in the 
Great Western broad gage line, of Brunei, was a 
magnificent road, built at an appalling cost per mile. 

With the exception of those which were built in the 
more populous States bordering on the Atlantic sea- 
board, the early railroads of America have had to do 
pioneer work. In Europe the railroad followed the 



population, and was the result of it. In America the 
population followed the railroad, which in some cases 
has been pushed out a thousand miles ahead of the 
onrolling wave of emigration. These conditions, 
coupled with the natural freedom of the American en- 
gineer from the restraints of tradition, and his ten- 
dency to work out any problem from its own proper 
point of view, have given us the American railroad of 
to-day. 

In the first place the engineer dared to believe that 
a locomotive could climb a hill and swing round a curve 
— Mr. Brunei and his associates notwithstanding. So 
when the locating engineer came to a hill he preferred 
to go round rather than tunnel through it ; and, if that 
was impossible, he carried his line over it, skillfully ad- 
justing his survey to the topography of the country, 
and keeping the grade within the desired limit. 
Where one or two feet in a hundred had been con- 
sidered the practicable limit of grade, he did not hesi- 
tate to use three and four ; and where four and five de- 
grees was the limit of curvature in Europe, he boldly 
ran in eight and ten degree curves, and on certain lines 
in later years increased this to sixteen and even twenty 
degrees ! When this undulating and sinuous roadbed 
had been graded, and it came to the question of laying 
upon it the costly rails, ties and ballast the "coat was" 
again "cut according to the cloth,' - and, in obedience to 
an imperative economy, these items were cut down to 
the lowest practicable limit. And here it was that the 
mechanical engineer stepped in, and with rare ingenuity 
produced a locomotive and cars that were admirably 
adapted to travel upon track that was neither level, nor 
straight, nor smooth in its running. The swiveling 
truck solved the problem of the curves, the coupled 
driving wheels and heavy engines the problem of the 
grades, and the equalizing levers smoothed out the in- 
equalities of the track. And thus it was that, in the 
adaptation of the track to the country and of the loco- 
motive and cars to the track, the civil and mechan- 
ical engineer made possible the enormous development 
which has characterized the past half century of rail- 
road building in the United States. Had they attempted 
to build as Brunei built the Great Western road in 
England, the development of the vast internal resources 
of the country would have been thrown back a whole 
generation. 

In speaking thus of the early American roadbed, it is 
not intended to imply that the best American track of 
189G is one whit inferior to that of contemporaneous 
European railroads, for its improvement has generally 
kept pace with the increase of the traffic which passed 
over it, until to-day it is safe to say that the main lines 
of such roads as the New York Central, the Pennsyl- 
vania, the New Haven, and other leading companies, is 
as fine, and in some respects better, than the best to be 
found ill Europe. 

As we look at the railroad map of the United States 




THE MERCHANTS' BRIDGE, ST. LOUIS-TYPICAL MODERN DOUBLE TRACK STEEL RAILROAD BRIDGE. 

Three spans, 517 feet 6 inches, and six spans, 125 feet long. 
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for 1896, with its 181,082 miles of track spread out like a 
finely meshed network over the face of the country, it 
is difficult to realize that at the date of the foundation 
of the Scientific American there were less than 5,000 
miles of track in the whole of the States, and that this 
represented a few small, disconnected lines, scat- 
tered through the Atlantic and Southern States, and 
a few fragmentary systems in the Middle States. Such 
roads as there were had been laid out with reference 
to the existing lines of transportation by road and 
river, and were largely supplementary to them. The 
Eastern roads were only 
just beginning to reach 
across the Alleghenies into 
the valley of the Mississip- 
pi ; and as yet there was no 
sign of a through trunk 
line to the West, although 
several lines connected 
New York with Washing- 
ton and other important 
points. It is interesting 
to note in passing that the 
stimulating effect of the 
new upon the old methods 
of transportation was seen 
in the rapid development 
of the river steamboat, 
which at this early period 
was far in advance of the 
ocean steamer, both in 
speed and accommodation. 

Viewed in the light of its 
subsequent development, 
the railroad system of 1846 
rvjipears both disjointed 
mid insignificant. In that 
year there were but 4,930 
miles in the whole United 
States; in 1847, 5,598 miles; 
in 1848, 5,996 miles; in 1849, 
7,365 uvles; and in 1850, 
9,021 miles. In the next de- 
cade some 20,00t miles were 
added, the total reaching 
29,739 miles in 1860. Then 
came the blight of the 
war, the construction dur- 
ing the next five years 
averaging only 651 miles a 
year, and bringing the total up to 32,996 miles in 186? 

At the close of the war, however, the nation devoted 
its energies and capital to the development of the vast 
natural resources of the country. One of the first anil 
most important results of this industrial activity was 
the completion, on May 10, 1869, of the first continuous 
transcontinental road across America. This event, 
coupled with the consolidation about this time of the 
Hudson River and the New York Central Railroads, 
forming a trunk line to the West from New York City, 
marked the opening of a new era in the development of 
the American railroad. Prom that time on the growth 
was simply phenomenal, the total mileage increasing in 
18?6 to 74,100 miles ; in 1886, to 133,606 miles; and in 



the latest o f the transcontinental roads, dispatched its) 
first through train to Seattle, on the Pacific coast. 

Thus was built up the most stupendous system of 
transportation in the world, with its 181,082 miles of 
track. An impressive sense of its magnitude is con 
veyed in the statement that its rails, if strung out in a 
single continuous line, could be wrapped around the* 
earth fifteen times, with many a mile to spare ! 

With the growth of population and manufacture*, 
and the consequent increase in dividends, there came a 
steady improvement of the roadbed and rolling stook. 




THE ST. LOUIS BRIDGE AFTER THE GREAT STORM OF MAY 27, SHOWING INJURY TO STONE WORK ONLY 



creasing length of the journeys called for special pro- 
visions for the comfort of the passengers ; and in 1864, 
after several abortive attempts by various roads to pro- 
duce a comfortable and popular sleeping car, Mr. Pull 
man brought out his first sleeper, the celebrated 
Pioneer. The success of this venture led to the for- 
mation, in 1867, of the powerful Pullman company, 
and under their management the sleeping car has de- 
veloped to its present size and splendor. In 1887 Mr. 
Pullman patented the vestibule, a flexible diaphragm, 
which connects the ends of adjacent cars, keeping out 

the noise, dust, and cinders, 
and imparting a remark- 
able steadiness to the whole 
of the train. Steam heat 
has replaced the uncertain 
stove, and gas and the 
electric light the oil lamp ; 
and what with parlor cars 
and observation cars, bath 
rooms and barber shops, 
and a host of conveniences 
that minister to one's ease 
and recreation, the five-day 
trip from the Atlantic to 
the Pacific may now be 
performed amid the multi- 
plied comforts of a first- 
class city hotel. 

Restrictions of space for- 
bid more than a passing re- 
ference to the development 
of the many appliances de- 
signed to promote safety of 
travel. By far the most 
important of these was the 
continuous automatic air 
brake, designed by George 
Westinghouse, Jr., in 1868, 
in which year it was first 
practically applied on 
trunk roads. In this sys- 
tem, as finally modified, by 
means of a small lever, 
placed conveniently to 
hand, the engineer can in- 
stantly apply the brakes on 
every car, and should the 
train break apart, the 
brakes will set themselves 
automatically. The simplicity, certainty, and power of 
this brake are remarkable, and render it one of the 
most successful and life saving inventions of the age. 
In the celebrated Burlington brake trials in 1886-87 a 
train of fifty cars, a third of a mile long, running at forty 



The introduction of Bessemer steel rails, with their in- 
creased stiffness and durability, produced a marked 
change in the character of the track. The old pear- 
shaped iron rail, of 40 to 50 pounds weight, was succeed- 
ed by the steel headed rail, and this gave place to the 

75 pound steel rail of the last, and this in turn to the ! miles an hour, was stopped in a third of its own length. 
100 pound steel rail of the present, decade. Greater | Scarcely less important was the introduction of the 
attention was paid to ballasting and draining the road-. Miller platform and coupler in 1863, and the Janney 
bed, and as fast as the dividends of the company would ! coupler, with many others at a later date ; automatic 
allow, the lines were revised, the curvature and grades j signaling ; the interlocking system of levers, whereby a 
being reduced, and distances shortened by means of | contradictory signal, or an accident from a wrongly 
costly bridges and tunnels. 

The typical American passenger car, with its long 
body carried upon end trucks, was well established 




THE ST. LOUIS STEEL RAILROAD AND HIGHWAY BRIDGE, BUILT BY CAPT. JAMES B. EADS IN 1874. 

Two arches, 502 feet span ; one of 520 feet span. 



1896, to 181,082 miles ! Subsequent to the completion of 
the Union Pacific, the Southern Pacific Company gave 
■lie country, in 1882. another transcontinental route, by 
way of New Orleans; the Atchison, Topeka, and Santa Fe 
Company completed a Pacific coast connection through 
the belt of country lying between the Southern Pacific 
and the Union Pacific systems ; the driving of the golden 
spike of the Northern Pacific Railroad in August, 1883, 
opened up the vast forests and wheat fields of the 
Northwest ; and on June 18, 1893, the Great Northern, 



by 1846, the original patent for this type having 
been granted to Ross Winans in 1834. Its general 
appearance may be judged from the illustration of a 
passenger car of that date published in the Scien- 
tific American of August 28, 1845, a reprint of 
which will be found on the front page of this issue. 
The standard passenger car of 1850-60 was 7 feet 
high, 10 feet wide, 50 feet long, and carried sixty 
passengers, and there were practically no variations of 
type. The extension of the railroads and the ever in- 



thrown switch, are impossible ; the block system in the 
operation of trains, by which no two trains are allowed 
upon the same "block" or section of line at the same 
time ; and the operation of the freight and passenger 
traffic upon separate pairs of a four track road ; the 
last three of which improvements were importations 
from the English roads— in justice to their high effi- 
ciency be it said — where they had been standard prac- 
tice for a great many years. 
Some of the more striking evidences of progress in 
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the past twenty years are gathered for comparison in 
the accompanying table : 



Mileage 

Invested capital 

Earnings (gross) 

Number of locomotives. . . . 
Weight of locomotives 
Number of passenger cars. 
Weight of passenger cars . 

Number of freight cars 

Capacity of freight cars 
Speed of passenger trainB. 
Number of employes 



1876. 



74,100 

$4,658,000,000 

503,00O.»O0 

15,000 

30 to 50 tons 

14,000 
20 to 30 tons 

384,000 

10 to 12 tons 

20 to 25 miles 

370,500 



181,082 

$11,565,000,000 

1,100,000 000 

3S,300 
65 to" 100 tons 

35,700 
30 to 50 tons 

1 ,200,000 
30 to 10 tonB 
40 to 50 miles 

850,000 



THE AMERICAN RAILROAD BRIDGE. 

The deep canyons and ravines of the mountain passes, 
and the broad rivers of the plains, have necessitated the 
construction of a vast number of difficult and costly 
bridges as the railroads were gradually spread out over 
the country. Fifty years ago bridges were built almost 
entirely of wood, and the phenomenal growth of the 
railroad system was rendered possible by the abundant 
supply of suitable timber, and the free use of it in the 
form of pile and bent trestles, and what is known as 
the Howe truss bridge. The latter bridge, patented in 
1840 by Mr. Howe, was for years the standard railroad 
bridge of America ; and it is still doing excellent service 



in the West, where the magnificent pine and fir timber 
furnishes sticks of a size and quality that makes it pos- 
sible to build this form of truss in spans of remarkable 
length and stiffness. On the lines of the Southern 
Pacific Railroad, in Oregon, there are to-day modified 
Howe trusses of wood, from 200 to 250 feet in span, 
which are carrying the heaviest engines and trains, and 
giving excellent service. The chords and braces of this 
form of truss are of timber, and the ties, which are ver- 
tical, are of round iron, with screwed upset ends, secured 
with nuts on the outer faces of the top and bottom 
chords. The braces are square ended, and bedded 
upon cast iron angle blocks, which rest upon the chords 
at the panel points. The excellence of this truss con- 
sisted in its simplicity, strength, cheapness, and ease of 
construction and erection. When the tie rods and 
small screw bolts were once delivered on the ground, the 
cross cut saw, the ax and the adz did the rest ; and 
when saw mills were not available, the sticks could 
often be hewn from the standing timber on each side of 
the track — as was frequently done in crossing the 
Rocky and Cascade Mountains of the West — and framed 
and erected on the spot. The wooden Howe truss has 
been a potent factor in the development of the American 
railroad, and it anticipated by more than a generation 
the advent of the iron and steel truss. 

The Pratt truss, with vertical posts and inclined ties, 
patented in 1844, has become, in Its various modifica- 



tions, in the later age of steel construction, the prevail- 
ing naticjal type. 

In 1846, Frederick Harbach patented an iron Howe 
truss, with cast iron top chord and braces, and wrought 
iron bottom chord and ties, and from that time on, dur- 
ing the next twenty years, a large variety of more or 
less useful trusses were introduced, conspicuous amor: 
which were the Whipple, the Bollman, the Fink, an., 
the Post trusses. 

Mr. J. H. Linville was the first engineer to introduce 
the typical long span railroad truss in America. His 
famous iron bridge over the Ohio, at Steubenville, in 
1864, was followed in 1872 by the Cincinnati bridge of 
420 feet span. To Mr. C. Shaler Smith belongs the 
credit of designing in 1876 the first long iron cantilever 
bridge, known as the Kentucky River bridge, which 
consisted of three spans of 375 feet. On July 4, 1874, 
the famous St. Louis arched bridge of Captain James 
B. Eads was opened. The great size of the arches — two 
of 502 and one of 520 feet span ; the novel method of 
their erection — the arches being built out simultane- 
ously from the piers, to which they were tied with tem- 
porary guy ropes ; the daring but successful use of the 
pneumatic caisson for the deep foundations (107 feet 
below M. W. L.) of the piers ; together with the original 
and admirable design of the trussed arches of the 
bridge — all conspired to mark this as one of the most 
brilliant feats of engineering that the world has ever 




SUSPENSION BRIDGE OVER THE EAST RIVER, AT NEW YORK 

Length of span, 1.595}£ feet ; total length, 3,455 feet. 




THE STEEL CANTILEVER RAILROAD BRIDGE OVER NIAGARA RIVER. 

Length of span, 470 feet ; total length, 910J^ feet ; height, water to rail base, 239 feet. 
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seen. The destructive tornado of May 27, which tore 
asunder and scattered the massive masonry of the 
approaches to this bridge, failed to disturb the equi- 
librium of the steel arches themselves ; and no finer 
tribute was ever paid to the skill of the bridge engineer 
than is offered in the photographic reproduction which 
we present on another page. 

The scientific methods of bridge design and construc- 
tion adopted by Captain Eads have been elaborated by 
subsequent engineers, until bridge designing is to-day 
perhaps the most exact branch of the engineering pro- 
fession. The calculation of the strains in steel trusses 
is now a matter of mathematical certainty and precision. 
The various erratic forms of trusses have fallen into 
disuse, and a standard type of great excellence has sur- 
vived, one of the latest examples of which is shown in 
the engraving on another page of the Mer- 
chants' Railroad Bridge at St. Louis, built 
in 1890 by the Union Bridge Company, of 
New York. The Merchants' bridge com- 
prises three main spans, 517 feet 6 inches 
long, and six deck spans of 125 feet. The 
trusses are built entirely of steel and are pin 
connected, the tension members being steel 
eye bars, and the compression members con- 
sisting of built-up lattice posts and chords. 
The floor beams and stringers are plate steel 
girders, the latter being riveted at their ends 
to the bottom of the posts and vertical ties. 

The distinctive features of this system of 
bridge construction are the concentration of 
material in large members, the great width 
of panel and height of truss, and the method 
of connecting the members at each panel 
point by means of a large, carefully turned 
and fitted steel pin. As compared with the 
European practice of riveting, the American 
practice conduces to greater accuracy of de- 
sign and construction, and greater rapidity of erection. 
The Merchants' bridge, which contains 11,000,000 
pounds of steel, and whose granite piers extend 70 feet 
below the water, was commenced and completed within 
thirteen months. 

The superiority of the pin-connected over the riveted 
system of bridge construction has been clearly proved 
in the erection of cantilever bridges, a type which is 
now extensively used by American and European 
builders, and of which the great Forth bridge of Sir 
Benjamin Baker, with its two 1,710 foot spans, is the 
most monumental example. In its simpler forms, the 
cantilever is exceedingly ancient. There are bridges in 
China which are hoary with age whose construction is 
based upon this principle. The most valuable feature 
of the cantilever, as compared with the truss bridge, is 
the facility with which it lends itself to the crossing of 
rivers and ravines, where the depth of water or other 
natural features render it impossible to erect any tem- 
porary falsework. Perhaps the most notable early use 
of the cantilever system of erection in America was 
seen in the building of the above mentioned Eads 
bridge at St. Louis, where equilibrating portions of 
the steel arches were built out simultaneously 
on each side of the piers and tied back to them 
with steel ropes. Two of the best known canti- 
lever bridges in America are the Niagara River 
bridge and the Poughkeepsie bridge across the 
Hudson River. The Niagara bridge has a clear 
span between towers of 470 feet, with an inter- 
mediate truss 120 feet long. Poughkeepsie 
bridge has three cantilever spans of 548 feet and 
two connecting spans of 525 feet each. The lat- 
ter were erected by the aid of falsework, and 
the cantilevers were then built out in the usual 
manner. The bridge is designed to withstand 
a wind pressure of thirty pounds per square 
foot of surface, and to carry a uniform train 
load of 3,000 pounds per foot on each track, 
preceded by two 85 ton locomotives. 

No treatise on American bridge building, 
however brief it may be, can fail to make men- 
tion of the development of the wire suspension 
bridge. Among many other notable bridges of 
this type are the Niagara suspension bridge, 
of 821 feet span, the Covington and Cincinnati 
bridge, of 1,057 feet span, and the Allegheny 
bridge, with its two spans of 344 feet, all of 
which were designed by that gifted engineer, 
the late John A. Roebling, who subsequently raised an 
enduring monument to his genius in the design and 
erection of the great East River bridge, uniting the 
cities of New York and Brooklyn. 

This noble structure is too familiar to call for more 
than a recapitulation of its leading features. The 
main span is 1,595J^ feet long, and the total length, 
with the approaches, is 3,455 feet. The foundations 
for the towers were carried down 78 feet below high 
water by the pneumatic process, and the towers them- 
selves extend 272 feet above high water, making a total 
height, from foundation to capstone, of 350 feet. The 
four cables, 15 inches in diameter, are of steel wires laid 
parallel and wrapped. The floor of the bridge is stiff- 
ened with four s^el trusses, and carries two carriage- 
ways, two standard railway tracks and one footway. 



The trains are operated by a steel cable, and they carry 
an immense traffic, the total in 1894 amounting to 
43,000,000. 

Great as are the proportions of this bridge, it is 
likely, before long, to be surpassed by the proposed 
railroad bridge across the Hudson River, at New York, 
which is to have a main span of 3,254 feet, carried on 
twelve steel wire cables, 23 inches in diameter. The 
suspension towers, which will be built of steel plates 
and angles, will reach to a height of 587 feet above the 
water. It is not too much to say that this bridge, 
which is to carry six railroad tracks, side by side, will 
be the noblest constructive feat of any age or clime. 



THE TELEGRAPH. 
Fifty-two years and two months have passed since 
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MORSE TELEGRAPH RECEIVER OF 1844-THE FIRST INSTRUMENT 
RECORDING THE MORSE CODE. 



a world famous message was sent over a telegraph line 
from the Capitol, at Washington, to Mount Clare De- 
pot, in Baltimore. The precise date was May 24, 1844, 
and the message sent in the famous dot and dash al- 
phabet by Prof. Morse contained the following words : 
"What hath God wrought!" The message was in- 
dited by Miss Ellsworth, the daughter of the then 
Commissioner of Patents, and was intended to express 
the wonder of the achievement of the telegraph. For 
this edition of the Scientific American, marking, as 
it does, fifty years of the invention and progress of the 
scientific world, no more appropriate motto could be 
chosen, for it seems as if the last fifty years definitely 
showed man's powers and proved adequate to measure 
his ability. For the first suggestions of the telegraph 
we can go far back to the days of Otto van Guericke, 
whose experiments of transmitting through a conductor 
an ell in length an electric disturbance from his fric- 
tional machine with its globe of sulphur excited by 
rubbing against the hand is well known. 

Coming down later, however, we find attempts 
directly made in the line of telegraphy. In 1727, 
Stephen Gray, of the Charter House, London, trans- 
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MORSE FIRST MODEL-PENDULUM INSTRUMENT OF 1837, SHOW- 
ING THE RECORDING RECEIVER (1), PORTRULE (2), TYPE (3), 
AND EXAMPLE OF CHARACTERS PRODUCED (4 and 5). 



mitted electrification through a wire 700 feet, sus- 
pended in the air by silk threads. Other experiments 
of the same sort were made by different investigators. 
Twenty years later a wire stretched across the Thames 
was used, and the length gradually increased until we 
find the same investigator using wire 10,600 feet long 
in his experiments, and a year later Benjamin Franklin 
experimented with a wire stretched across the Schuyl- 
kill River. 

A letter in the Scot's Magazine in 1753, signed by 
C. M., suggests an electric telegram or crated by a 
frictional electrical machine ; and in 1774, at Geneva, 
Lesage erected a telegraph line of 24 insulated wires, 
each corresponding to a letter of the alphabet. Many 
other attempts were made and signals were transmitted 
by static excitation produced by frictional machines. 



At the beginning of the present century the voltaic 
battery was invented. The investigators had at once 
an instrumentality for maintaining a current through 
a wire, by which the decomposition of water could be 
brought about, magnets attracted and other pheno- 
mena produced, and, in 1808, the Munich Academy of 
Science received from Sommering a communication 
describing a telegraph containing thirty-five wires, one 
for each letter of the alphabet and one for each num- 
ber. At the transmitting end arrangements were pro- 
vided for passing currents through any one of t'->.e 
wires. At the receiving end the electros wore im- 
mersed in acid, and, completing the circuit, caused the 
evolution of bubbles of hydrogen. Each tube corre- 
sponded to a letter or a number. 
Passing by many other attempts, we find, in 1839, the 
Wheatstone telegraph, fairly effectual, pro- 
ducing its signal by means of what are prac- 
tically galvanometer needles. A bell alarm 
was used to call the operator. To produce 
a powerful enough sound, Wheatstone used 
a relay circuit, the first one in the history of 
the art. Henry, in 1832, had, as one result of 
his experiments in electricity, used the elec- 
tric magnet in a signaling telegraph, and for 
him is claimed the glory of being the inventor 
of the first electro-magnetic telegraph. 

Samuel F. B. Morse was born in Charles- 
town, Mass., on the 27th of April, 1791, but a 
little over a mile from Franklin's birthplace. 
He was educated as an artist, and won high 
triumphs as such, but was marked as a lover 
of science from his earliest days. His life was 
subject to more than the usual vicissitudes 
of an artist's existence. After traveling ex- 
tensively in Europe and studying there, we 
find him sailing on the packet ship Sully, 
for the harbor of New York, in 1832. Philip 
Hone, in his interesting diary, states that among the pas- 
sengers on his ship was S. F. B. Morse, the artist and 
president of the National Academy of Design. On 
board the ship Morse had his interest excited by a con- 
versation in which Dr. Charles T. Jackson was the 
leader, who spoke of some of the wonders of electricity 
and of the electrical magnet. This seems to have fixed 
firmly in Morse's mind the idea that an electric telegraph 
could be constructed with the electric magnet as a basis. 
It engrossed his mind throughout the voyage, and dur- 
ing the six weeks which it lasted he jotted down in his 
note book different sketches of a proposed system of 
electrical telegraphy. He practiced his art and experi- 
mented with the telegraph, the latter, during the next 
few years, gradually wooing him from his brush. Prof. 
Daniel, of London, in 1835 invented the constant cur- 
rent battery, which proved a powerful adjunct to 
Morse's work. He was confronted at once with the 
difficulty that the current became enfeebled on too 
long a line, and used the relay circuit to overcome this 
trouble. In 1837 he explained his invention to Prof. 
Leonard D. Gale, of the University of the City of New 
York, who assisted him by his scientific counsel, and in 
the same year he interested in it Alfred Vail, a 
son of Judge Stephen Vail, proprietor of the 
Speedwell Iron Works, Morristown, N. J. An 
agreement was entered into between them, Vail 
supplying the money. The American patent 
was obtained on October 3, 18C7, and Vail in 
secret quarters at the iron factory worked upon 
the invention. 

Morse's original telegraph provided a pendu- 
lum carrying a pencil or marking devic^ in on- 
stant contact with a strip of paper t be drawn 
beneath the point by machinery. As long as 
inactive, this would make a straight lino upon 
the paper. The pendulum carried also an 
armature, and an electric magnot was placed 
near the armature. A current passed through 
the magnet would draw the pendulum to one 
side. On being released the pendulum w uld 
return, and in this way any amount of zigzag 
marks could be made on the paper as it tra- 
veled with the pencil constantly pressing upon 
it. Vail made some changes in the ievice and 
substituted for the pendulum and marking pen- 
cil the familiar lever with pencil of the more 
modern type of Morse machine, and substituted 
for the zigzag line the dot and dash alphabet. 
In 1839 Morse began th 3 hardest period of his life. He 
was dependent for his living upon what he could earn 
as a professor of art. At one time he went twenty-four 
hours without food. Toward the close of 1841, he writes 
that he has not a cent in the world, but affirms that he 
will not run in debt. In the next year he submerged 
in the New York Harbor between Castle Garden and 
Governor's Island a wire which he had insulated and 
sent signals through it. The experiments were repeated 
at Washington in a canal, in December of the same year, 
and Morse, in describing his experiments in 1844, an 
nounced his belief that signals could and would be sent 
across the Atlantic Ocean by electromagnetic telegraph. 
Sick, and tired at heart, agitating for an appropriation 
from Congress to test his invention, Morse found him- 
self in December, 1842, with his personal funds reduced 
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to 37 cents and feeling ready to abandon the whole sub- 
ject indefinitely. Aid from the government was at 
hand, however, and a bill recommending the appropri- 
ation of $30,000 in aid of the telegraph was passed by 
Congress. 

Soon after this work was begun on a line between 
Baltimore and Washington, and among those concerned 
in its erection was Ezra Cornell, the founder of the Cor- 
nell University. An attempt was made to lay the wire 
underground, and after an expenditure of nearly all the 
appropriation, this plan was abandoned and an aerial 
line was started. In seven weeks the work was com- 
pleted, and the famous message was sent. It was writ- 
ten upon a strip of paper with an embossing point 
which simply indented the paper with dots and dashes. 

Morse had conceived the idea of the relay circuit and 
had used in the early telegraphs a relay either as an ex- 
tension of the line or as a local circuit. His great idea 
was to produce marks making a record of every mes- 
sage sent, and this idea seems to have been at the base 
of his work. One of his troubles consisted in accurately 
opening and closing the circuit in order to produce his 
alphabet. He used metallic type for the purpose with 
indented faces so shaped as to open and close the circuit 
at proper times and for proper periods, for the produc- 
tion of the desired markings. Each letter constituted a 
separate type, which was mounted on a portrule. When 
this was filled with type representing the message, 
it was drawn under the contact point. Then, as 
a simplification of this, two contact points close to- 
gether were used, between which a wedge was thrust 
by hand, so as to open and close the circuit. Again, 
a keyboard was devised with a separate key like 
a piano, for each letter, but eventually, about 1844, 
the plain key, such as used to-day, was adopted. After 
the sending of the famous message in 1844, on April 1, 
1845, the line between Baltimore and Washington was 
opened for public business under the auspices of the 
Post Office. One cent for every four characters was 
charged, and during the first four days one cent was re- 
ceived. After a week the receipts had risen to one dol- 
lar. Telegraph lines were slowly put up, but in 1846 
the system was still experimental. In 1845 New York 
and Philadelphia were connected, in 1846 Philadelphia 
and Baltimore were connected. The government had 
rejected the purchasing of the Morse invention, so every- 
thing had to be done by private enterprise. The first 
ten years following 1846 were devoted to the exploita- 
tion of the new invention, and gradually more and more 
lines were added until, in 1856, what has been described 
as a straggling web of lines under the control of thirty 
or forty rival companies, working different apparatus 
under different patents, covered the more populous area 
of the country. Dividends were not paid except by one 
or two of the companies, and the prospects were any- 
thing but bright. 

During these ten years inventors had not been idle. 
Morse's system required but little ; the relay, the hand 
key and the alphabet and mechanism for reproducing 
the alphabet were all in existence in 1846, and since 
then little has been done with the Morse system proper 
in the way of addition. In the way of suppression the 
most important thing of all has been done. Various 
marking devices had been tried — pencil, embossing 
point, pen and inking wheel. Morse's apparatus was 
adapted for any of these devices, but after a while the 
clerks and attendants on instruments learned to read 
them by the sound made by the marking lever, and, in 
spite of threats of instant dismissal, they persisted in 
doing so when not witched. Morse was violently op- 
posed to it, naturally regarding the recording device as 
the very soul of his instrument. Vail, who throughout 
figures as the en tirely disinterested, self-sacrificing coad- 
jutor of Morse, and who by many is considered as much 
the inventor of the Morse system as Morse himself, was 
the first to yield and devise, by simple suppression of 
parts, the well known sounder, converting the Morse 
telegraph into an acoustic one. 

Other inventors took the subject in hand, all basing 
their work for the most part on the production of a 
record. Bain used chemical decomposition to produce 
a stain from a piece of paper, which, running in dots 
and dashes, would convey a message. To produce the 
dots and dashes he used a long strip of paper, previously 
perforated, which was drawn between two contact 
points. A short perforation produced a stain upon a 
corresponding strip of paper, giving a dot, while a long 
perforation produced a dash. Over and over again 
these devices have been applied in the most highly de- 
veloped rapid transmission apparatus of the present 
day. Royal House devoted his energies to the develop- 
ment of a printing telegraph, but was estopped by Morse 
from the use of a relay. He performed the heavy work 
of his printing apparatus by pneumatic power, which 
was simply controlled by the telegraph line, and most 
curiously, in his attempt to produce a sensitive sounder, 
he described in one of his patents, long antedating Bell's 
invention, what is to all intents and purposes a Bell tele- 
phone, only he never imagined for a moment that it 
could be made to speak, and the microphone was still 
lacking t<-> make it a practical invention. 

We have seen that the early Baltimore and Washing- 
ton line had Ezra Cornell as one of its constructors. 
In 1856 the amalgamation of the many companies then 



in existence was proposed and carried out through the 
agency of Hiram Sibley, the founder of the Sibley 
School of Science at Cornell University. Thus we find 
this great university intimately connected with the 
early days of the telegraph. The scheme was termed a 
crazy one ; it was said to be like collecting all the 
paupers in the State and arranging them into a union 
so as to make rich men of them ; but it was done. 

The records of the business of the Western Union, 
originally so named because it was intended to be a 
union of Western telegraph companies, have been tab- 
ulated since 1867. It had, in that year, 46,270 miles of 
poles and cables and 85,291 miles of wire were in use; and 
5,879,282 messages were transmitted. The receipts were 
$6,568,925.36. Its profits were $2,624,919.73. In 1895, 
with 189,714 miles of poles and cables, and 802,651 miles 
of wire, with 58,307,315 messages sent, receipts of $22,218,- 
019.18 were shown, with a profit of $6,141,389.21. Since 
1868 the average tolls per message had fallen from 
$1,047 to $0,307 per message. The Western Union re- 
presents about seven-eighths of the business of the 
United States, and by its wires, cables and connections 
any part of the world can be reached. Next to it in 
importance comes the other great American company — 
the Postal Telegraph. This and the Western Union do 
almost all the telegraphic business of the United States. 

It would be too great a task to attempt to catalogue, 
much less describe, the many inventions in telegraphy. 
The genius of Edison, Delaney, Stearns and others has 
made it possible to send a number of messages simul- 
taneously in both directions on the same wire. The 
British Postmaster-General states in a recent report 
that on a line on which in 1870 the highest speed by 
Wheatstone automatic was 60 to 80 words a minute, 
600 words a minute is now possible. The old Bain 
principle of electric decomposition and the use of a 
perforated ribbon drawn between contact points to 
produce the dot and dash making contacts have re- 
appeared in various instruments. Even the old Morse 
pendulum, giving its zigzag line, is the prototype of 
the siphon recorder used in ocean telegraphy. 

Construction is receiving more and more attention. 
The Western Union Company are putting in hard 
drawn copper wire in place of iron on trunk lines, with 
the most satisfactory results. Over 10,000 miles of such 
wire is now in use. It relieves the strain on the poles, 
owing to its lightness, and its electrical superiority makes 
it work under very adverse meteorological conditions. 

In the production of current, dynamos have been in 
some cases substituted for batteries with the best re- 
cults. Time service is carried on throughout the United 
States from the Washington Naval Observatory. The 
telegraph business in this country, in spite of the 
sparsely settled districts and long distances of trans- 
mission, is made to show a profit. In England, where 
it is run by the government, and where it is calculated 
that of 70,000,000 messages per annum, some two-thirds 
are sent from or to London, a large annual deficit is 

shown. 

■»««•♦ 

PHYSICS. 
Fifty years ago the science of physics was in a very 
peculiar condition. Mayer, about 1842, and Joule, 
1843-1845, had given to the world their determinations 
of the mechanical equivalent of heat, laying the corner 
stone of the entire structure of modern physics. An 
immense amount of other data had been determined 
by methods which were hampered by inevitable in- 
accuracies, but which were accepted and utilized to the 
utmost by scientists of those days. In one point of 
theory hopeless confusion existed, on account of the 
want of an adequate distinction between force and en- 
ergy. Physicists had gradually acquired the doctrine 
of the indestructibility of energy, and it was expressed 
in the so-called doctrine of the conservation of force. 
This supposed law was promulgated as one of the great 
triumphs of science, but it was not satisfactory. The 
comments of scientists upon it and their troubles in 
trying to reconcile facts with it make curious reading 
to-day when we know that force can be created and 
annihilated at will, and when we have learned to dis- 
tinguish definitely between force and energy. After 
years of work the distinction was formulated and a 
threefold system of units was established for physics ; 
the members of the system were force, work and en- 
ergy. They were definitely distinguished, one from the 
other, and at once the great doctrine of the conservation 
of energy, unproved as it may be, obtained universal 
acceptance by men of science, and to-day is universally 
used as a working hypothesis. Faraday was one of 
those who had trouble with the doctrine of the conser- 
vation of force. He was an intimate friend of Clerk 
Maxwell, and utilized the mathematical genius of his 
friend in his work, and it was Maxwell who, working 
on the theory of dimensions, did much to definitely fix 
the relations of force, work and energy in all the form- 
ulae ofj physical units which have sprung from the 
theory in question. It is impossible to dwell too 
strongly on this point in the development of physics 
during the last fifty years. Until force was accurately 
distinguished from energy the doctrine of the conserva- 
tion of energy could not be utilized, and it is precisely 
on this doctrine that the whole of modern physics is 
constructed. It would be fair to term the theory the 



greatest discovery of the century in physics. The 
theory of dimensions is a necessary comment upon it, 
putting it into precise shape with due results. 

The battle between the undulatory and the corpus- 
cular theories of light had waged hotly, Newton and 
Young being the rival authorities appealed to, but the 
last fifty years have seen the undulatory theory uni- 
versally accepted, and, in connection therewith, have 
seen the theory of electricity based on the luminife- 
rous ether and its disturbances also accepted. Light 
and electricity thus were brought into near relations 
with each other, and a sort of conviction was estab- 
lished that no substance transparent to light could be 
a conductor of the electric current — something remark- 
ably verified by the allotropic forms of carbon. Again 
we find the name of Clerk Maxwell, the developer of 
the electro-magnetic theory of light, foremost in the 
work of establishing the unity of natural science. 

In 1850 Fizeau announced the success of his determi- 
nation of the velocity of light by a physical test, using 
his rotating mirror to displace the apparent reflection of 
an electric spark. His results were close to the truth, 
and subsequent determinations by astronomical as well 
as by physical methods have but slightly affected them. 

Mayer and Joule had developed the modern theory of 
heat, so that during the last fifty years comparatively 
little of basic work was possible. Melloni's work on what 
was called radiant heat, which comes nearly within our 
period, is an interesting example of old methods. The 
identification of this "radiant heat " with light phe- 
nomena is a direct growth of a recent period. Now it 
is treated as a particular phase of ether waves and the 
term itself is rejected. If the ether waves are long 
enough, they produce " obscure light," if the expression 
may be allowed, the old radiant heat. If of a certain 
range of length, the optic nerve is affected and light is 
produced. If still shorter, they cease to affect it again. 
Light becomes a subjective phenomenon, treated un- 
der the subject of ether waves. Chevreul's monumental 
work on color phenomena belongs to the light-produc- 
ing division of ether waves, largely in the order of sub- 
jective phenomena. 

Sound has been the subject of extensive research, 
Helmholtz's analysis of the physiological basis of music, 
published in 1862, marking perhaps the greatest epoch 
in the recent development of the subject. Mathematics, 
physiology and experiment were all devoted to the ac- 
complishment of his great task, and the effect of over- 
tones in giving its distinguishing quality to a note was 
formulated. By the use of a telescoping resonator 
Helmholtz succeeded in determining precisely what 
overtones existed in any given sound, and then by 
producing simultaneously the fundamental and over- 
tones previously determined he reproduced mechani- 
cally the sound in question. This gave the analysis 
and synthesis of a sound. Koenig may be cited as a 
developer of apparatus for such study, some of his 
acoustic apparatus being a true scientific triumph. 

Faraday's work has done much to elucidate the phy- 
sics of electricity, and the magneto-generator of cur- 
rents and the electric motor were natural sequences 
thereof. Physicists developed the subject and con- 
structed motors with electro-magnetic fields, until 
gradually the conception of a self-exciting dynamo 
arose, and soon currents of high intensity began to be 
produced by self-contained generators. Then came the 
greatest discovery of all, that a machine adequate in 
its revolutions to generate a current would, if a current 
were passed into it from an outside source, generate 
mechanical energy. This convertibility of the dynamo 
into a motor was a beautiful sequence of the doctrine 
of the conservation of energy, and at once enabled us 
to convert mechanical energy into electrical energy and 
vice versa. 

Spectrum analysis is justly considered an achieve- 
ment in physics, and in the hands of astronomers it 
has led to the discovery of double stars and the deter- 
mination of the velocity of the motions of stars reced- 
ing from or approaching to the earth. Helium was, in 
1872, announced as a probable constituent of the sun 
from lines in its spectr un. Recently Ramsay has iden- 
tified it in the gas given off with argon from the min- 
eral cleveite. 

The discovery of argon, as the result of a physical 
investigation, is one of the triumphs of modern sci- 
ence. It was found by Rayleigh and Ramsay that ni- 
trogen gas from the atmosphere was of higher specific 
gravity than that from chemical compounds. The 
hitherto unknown constituent of the air, argon, was 
discovered and a new element was added to the list, an 
element which mankind had been breathing unsus- 
pectedly for all time. The acuteness of the millionaire 
scientist of the last century, Cavendish, is shown in his 
paper on nitrogen, in which it is almost certain that he 
describes the discovery of argon. He only dared to 
suggest the existence of any such gas ; his suggestions 
slumbered for over a century. 

The work done by the different scientists in physics 
during the last years is too vast to bear repetition. 
Every branch of the subject has been worked up to the 
highest state of development ; throughout every phase 
of investigation the definite mathematical relations of 
physical units, of time, space, force, work, energy and 
others, appear as the guides. The physicist has worked 
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on spectroscopic analysis with most brilliant results. 
Langley's classic results with the bolometer in the in 
visible infra-red spectrum being worthy of citation as 
an example of the requirements of modern physical 
tests. In the same line Miehelson worked in the ob- 
taining of a scientific unit of length by using the wave 
length of specified light, and this is a wonderful illustra- 
tion of the refinement of physical methods. The old time 
distinction of vapor and permanent gas has ceased to 
exist, as all the gases have yielded to the experimenter 
and have been liquefied, and, in many cases, solidified. 
Crookes discovering peculiar phenomena in gases at 
very high degrees of exhaustion endeavored to prove 
the existence of a fourth state of matter, adding one 
to the long accepted division. While his researches 
have not definitely established this fact, they have led 
the way to the most recent of the discoveries of phys- 
ics, " last of all the greatest," the X ray phenomenon 
discovered by Roentgen, a name that will go down to 
posterity with that of Newton, Faraday and Maxwell. 



HEN OF PROGRESS. 

On the opposite page we present a reproduction of the 
large engraving, "Men of Progress — American In- 
ventors," a fine steel engraving which was published 
by Munn & Company. The original oil painting from 
which the engraving was made was painted by C. 
Schussele in Philadelphia, in 1861. It was engraved on 
steel by John Sartain, a Nestor of American engravers. 
It is a fine example of the perfection to which steel en- 
graving has been brought at the period in which it at- 
tained its highest development. In thousands of homes 
to-day this superb engraving still ornaments the walls. 

On the left of the engraving is Dr. Morton (1819- 
1868), a dentist, who first used ether as an anaesthetic in 
1846. From this dates the introduction into surgery of 
ethereal anaesthesia ; next to him is James Bogardus 
(1800-1874), whose numerous inventions include a ring 
spinner, an engraving machine and the first dry gas 
meter. He was also interested in building iron build- 
ings, and was one of the fathers of the modern sys- 
tem of iron construction. Col. Colt (1814-1862), the in- 
ventor of the Colt revolver, who is next to him, is 
referred to elsewhere in the more extended biographi- 
cal notices, as is also Cyrus McCormick, the father of the 
reaper, who is at his right. Behind is Joseph Saxton 
(1799-1873), who devised ingenious mint machinery and 
coast survey and meteorological instruments. 

Charles Goodyear (1800-1860), who is seated at the 
table, immortalized himself as the inventor of the pro- 
cess of vulcanization of rubber, which he patented in 
1844. Behind him stands Peter Cooper (1791-1883), who 
is widely known for his varied talents and many inven- 
tions and for the success he met with in the develop- 
ment of the glue industry in this country. He was in- 
terested also in various iron works which he successfully 
exploited. His name will always be remembered as a 
philanthropist, for he founded and endowed Cooper 
Union in New York. Seated at the table is Jordan L. 
Mott, who will be remembered for his works in iron, 
fuel, etc. Leaning on one side of the pillar is Prof. 
Joseph Henry (1797-1878). He was an American 
physicist, especially noted for his investigations in 
electro-magnetism. On the right of the center is 
Dr. Eliphalet Nott, who made important researches 
on the management of heat. Behind is Capt. 
John Ericsson, of whom a more extended account 
is given on another page. In front is Sickles, who in- 
vented a steam cut-off. Seated in a chair is Prof. Morse, 
who is perhaps the most imposing figure in this unique 
collection of American inventors. His portrait and a 
biographical sketch may be found in another page. 
Behind is Henry Burden (1791-1871), a Scotch-American 
inventor. His inventions include a cultivator (1820), 
the hook-headed railroad spike, and a machine for 
making horseshoes. This machine produced from the 
iron bars sixty horseshoes per minute. In 1833 he built 
a cigar-shaped steamboat 300 feet long, which was 

Richard Hoe, who is at the left of Morse (1812-1886), 
perfected, in 1846, a rotary printing press, which re- 
ceived the name of Hoe's lightning press, and he sub- 
sequently invented the Hoe web perfecting press. 
These inventions are described on another page. Next 
to him is Erastus Brigham Bigelow, who will be re- 
membered for his inventions in relation to the carpet 
loom. In 1838 he patented a remarkable loom for 
weaving knotted counterpanes. In front of him is 
Jennings, who made important discoveries and in- 
ventions regarding the manufacture of matches. 
Thomas Blanchard (1788-1864), is chiefly known for his 
eccentric lathe for turning irregular forms, such as 
lasts, spokes, gunstocks, etc. He also invented a tack 
machine in 1806, and a steam carriage in 1825 ; he also 
built a stern-wheel boat for shallow waters, which is 
now largely in use in Western rivers. Howe, on the 
extreme right, is referred to in the article on the sewing 
machine and also in the brief biographical note which 
will be found on another page. The group is one of 
extreme interest as representing those inventors who 
were especially distinguished about the time of the 
breaking out of the civil war. It is to be hoped that 
some artist will come forward and portray the inven- 
tors of the last decade of the nineteenth century as 
faithfully as has the painter of these " Men of Progress." 



THE TEXTILE INDUSTRIES OF THE UNITED 
STATES SINCE 1846. 

Modern methods of textile manufacturing had their 
beginning in the forties, or about fifty years ago. The 
inventions that have contributed to make the textile 
industry in the United States what it is to-day first 
made their appearance at about that time. The mod- 
ern system of textile manufacturing, therefore, has had 
an existence of almost exactly half a century. Before 
then, the various processes of manufacturing were in a 
sort of transitory or equivocal state of existence — in- 
harmonious one with another. For a hundred years a 
struggle had been going on for the establishment of an 
equilibrium between them, which was not fully effected 
and realized till 1851, when systems, mechanical methods 
and comparative perfection of product became known 
to the world at the London international exhibition. 
The manufacturing world then, for the first time, be- 
came cognizant of the fact that there was before it the 
beginning of a new era of existence. American and 
foreign inventions had brought about this improved 
condition of affairs. The great inventions of the 
eighteenth century had served their purpose and been 
superseded by those that allowed more continuous and 
automatic operations. The spinning mule had been 
made successfully self-acting ; the jenny had been 
thrown aside, while its coadjutor, the billy, was made 
to serve a new purpose in wool spinning as a more im- 
portant auxiliary to the carding machine ; and the lat- 
ter for wool had been modified and new devices at- 
tached to it for the purpose of si -plifying processes 
and improving the quality of work done. The cotton 
manufacturing industry had attained development or 



The silk manufacturing industry of the United States, 
in the diversity and excellence of its product, has made 
commendable progress within the last forty, and even 
ten or fifteen years. The Chicago Exposition of 1893 
revealed an elegance of American silk manufacture 
that the general public scarcely dreamed of as having 
an existence. In 1850 the silk manufacturers of this 
country were confined almost wholly to sewing silk, 
and no marked progress was made till after 1870, when, 
by the census of 1880, it was seen that considerable ad- 
vances had been made in the manufacture of dress 
goods, which by 1890 became of the first importance 
with that of ribbons. In color, design and finish, 
American silk dress goods compare favorably to-day 
with the best made abroad. The silk industry is 
chiefly (91 per cent) confined to the four States of New 
Jersey, New York, Pennsylvania and Connecticut, 
centralized in certain localities, Paterson, N. J., being 
first in importance. The status of the silk industry in 
the United States may be seen from the following sta- 
tistics, taken from the 1890 census : 

VALUE OF PRODUCTS. 

United States, gross value $87,298,454 

New Jersey, Paterson 822,058,624 

Elsewhere 8,701,74? 830,760,371 

New York, New York City. . . 13,579,462 

Elsewhere 5,8.38,334 19,417,796 

Pennsylvania, Philadelphia .... .. 8,059,604 

Elsewhere 11,297,942 19,3.57,546 

Connecticut 9,788,951 79.324,664 

In other States 87,973,790 

The silk industry is centered chiefly about Paterson, 
New York and Philadelphia. Not far from 60 per cent 
of it is so situated. 



Industries. 



Capital. 



Aggregate. 



Lumber ind other mill products 

from logs and bolts $496,339,968 



Iron and steel. . 
Cotton goods.. 



Woolen goods 

Worsted goods 

Carpets 

Felts 

Wool hats 

Hosiery and knit goods. 



373,478,018 
354,020,843 



Value of Plant. 



Total. 



8294,325,888 
210.830,316 
230,993,567 



8130,989,940 


857.820,243 


68,085,116 


27,890,810 


38,208,842 


17,375,384 


4,460,621 


1,865,984 


4,142,224 


1,194,389 


50,607,738 


23,574,761 



Total. 



8296,494,481 j 8129,721,571 



Land. 



8156,539,097 
31,553,087 
28,22f,097 



86,534,819 

2,842,769 

2,884.139 

276,780 

144,350 

2,271,466 



$14,954,328 



Buildings. 



831,273,534 
42,766,656 
69,742,664 



$19,332,575 

7,962.865 

5,559,458 

714,453 

381,105 

6,194,088 



$40,144,544 



Machinery, 
Tools, and 
Implements. 



8106.513,257 
136,510,573 
138,025,806 



$31,952,847 

17,085,176 

8,931.787 

874,751 

668,934 

15,109,207 



$74,622,704 



Live Assets. 



$202,014,080 
162,647,702 
123,027,276 



$73,169,697 

41,194,306 

20,833,458 

2,594,637 

2,947,835 

27.032,977 

$166,772,910 



Value of 
Products. 



$403,667,575 
430,954,348 
267,981,724 



$133,577,97? 

79,194,652 

47,770,193 

4.654,768 

5,329,921 

67,241,013 



8337,768,524 



made more rapid progress to maturity than had been 
the case with the woolen industry. But at that period 
both, it may be said, began a new life, regenerated, 
and started upon their present career. The Crompton 
fancy cassimere loom, which first appeared in the for- 
ties, and John Goulding's inventions affecting carding 
and spinning, which began to be appreciated at that 
time, did more to modernize the woolen industry than 
anything else. The worsted industry, as it is known 
to-day, had its beginning at that period in the perfec- 
tion of the combing machine, more, however, as an 
English than an American industry, the latter appear- 
ing later. The silk manufacturing industry, also, be- 
gan about this time with its centralizing at Paterson, 
N. J. 

At the beginning of the 1850-60 decade, the three tex- 
tile industries that will be considered in this article, 
cotton, woolen and silk, were well established, and 
have remained important factors in the industrial de- 
velopment of the country. Their relative growth may 
be seen in the following census statistics showing the 
comparative value of products : 



1850 
1860 
1870 
1880 
1890 



Cotton. 



861,869.184 
115,681,774 
177,489,739 
192,090,110 
267,981,724 



Per 
cent. 



Woolen. 



849,636,881 
80,734,606 
217,6118,826 
267.252,913 
337,768,524 



Per 
cent. 



43'8 
40 
53 4 
53 4 
488 



Silk. 



81,809,476 
6.607,771 
12.210,662 
41,0*3,045 
87,298,454 



Per 
cent. 



1-6 
3-0 
3 
8 2 
125 



As will be observed, measured by the value of their 
products, the cotton manufacturing industry was pre- 
eminent over that of wool in 1850 and 1860, but occupied 
second place in 1870, 1880 and 1890. Abnormal condi- 
tions existed in the sixties, favorable to the woolen and 
detrimental to the cotton industry, giving the former 
an impetus that put it first in rank, which it has since 
retained, though its relative position has been some- 
what diminished since 1890, based on the productive 
capacity of machinery, product values not being ob- 
tainable. Since 1890 the productive capacity of the 
cotton manufacturing industry has increased about 13 
percent, while that of the wool manufacturing indus- 
try has increased only about 8 per cent. There is no 
doubt, however, that the woolen industry still holds its 
first position in the textile line in the value of products. 
The silk industry has been steadily gaining, as will be 
seen, since 1850, till it occupies a relative position of no 
mean proportions. 



The relative status of the cotton and woolen indus 
tries, as it existed in 1890, and which is preserved to- 
day, or nearly so, may be seen in the foregoing table. 
The four leading manufacturing industries of the 
United States are here given, the lumber manufactur- 
ing interest holding the commanding position in the 
amount of capital employed, without including plan- 
ing mill products and the more advanced articles of 
wood manufacture. Iron and steel rank next, without 
including anything manufactured therefrom. The 
manufacture of cotton goods occupies the third, and o,' 
woolens, the fourth position. In the value of products 
the relative positions are somewhat changed. But tak- 
ing the two great textile industries — cotton and woolen 
— together, and, in amount of capital and value of 
products, they stand supreme over all others. Taking 
all the six New England States together, where these 
manufactures mainly exist, 34 per cent of the capital 
invested in all kinds of manufactures is represented in 
the cotton (21 per cent) and wool (13 per cent) manu- 
facturing industries. The importance of these indus- 
tries to that section are thus seen, and the effect their 
prosperity has upon the communities in which they 
are located. 

The cotton manufactures of the United States, as 
noted above, advanced in the value of their products 
from $62,000,000 in 1850 to $268,000,000 in 1890, or 332 
per cent. In number of spinning spindles the advance 
was from 3,600,000 to 14,200,000, or about 300 per cent. 
The increase in value of product and in number of 
spindles was about the same for this period. The num- 
ber of spindles in 1846 was about 2,400,000 ; in 1895 it 
was 16,100,000, an increase of 570 per cent, and the 
annual consumption of cotton, per spindle, was 73 4 
and 80 '5 pounds respectively. The consumption, per 
spindle, it would thus appear, has increased but 
slightly within the past fifty years. But important 
factors have to be considered in this connection ; as con- 
sumption per spindle is, after all, no more than a sta- 
tistical curiosity, meaning much or little, according as 
it is used. Speed of spindle and count of yarn must 
be taken into calculation. The productive capacity of 
a spindle to-day is about 44 per cent greater (some are 
inclined to put it more) than it was fifty years ago, so 
that measured by this standard the cotton manufactur- 
ing industry has advanced within the past fifty years 
not 570 per cent, but 866 per cent. That this is not 
shown in the consumption of cotton is due to two 
causes : less running time and finer counts. 
The progress that has been made in the mechanical 
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processes of cotton manufacturing is gaged more satis- 
factorily by the advance that has been made in the 
improvements in spinning on the ring frame. This 
machine is peculiarly an American invention, while the 
mule is not. In 1890, 63 per cent of the number of 
spindles in the United States belonged to this machine. 
It asserted its value to manufacturers before 1850, but 
little was done to it or any machine used in cotton 
manufacturing till after the late war, more than in per- 
fecting details. In this latter respect, however, the 
progress was marked, so that by 1865 all the mechanical 
processes had been brought to a high standard of effici- 
ency, equal, if not superior, to anything of like charac- 
ter observed in other branches of the textile industry. 
Even since the war the perfecting idea has chiefly 
engaged the time and attention of machine builders, 
though of late years the introduction of what is known 
as the revolving flat card (an English invention), and 
more particularly the Northrop automatic loom, has 
given cotton manufacturing a new impetus of great 
significance. 

In the spinning frame the productive capacity and 
progressive steps of a cotton factory are distinctly 
noted. The machine has not till quite recently been 
brought to a sufficiently high state of perfection for spin- 
ning fine counts of yarn to bring it into competition 
with the mule, and especially so in the spinning of fine 
weft. A very recent invention gives great promise of 
overcoming difficulties of this kind, and within a few 
months it has been put into practical operation in one 
of the fine yarn mills of New England upon weft as fine 
as number 110, which to a manufacturer means a tre- 
mendous advance in this me- 
thod of spinning, and which 
to him has much greater sig- 
nificance when it is stated 
that this weft yarn has all the 
characteristics of mule yarn, 
with the front or delivery rolls 
of the machine speeded at 84 
turns per minute and the spin- 
dles putting in 28 '92 twists per 
inch. This is probably the 
greatest advanced step taken 
in cotton manufacturing with- 
in the last quarter of a century 
or more, with the exception of 
that in weaving by the North- 
rop loom, which is a wonder- 
ful product of American inge- 
nuity and persistent enter- 
prise. This loom ranks with 
the self-acting mule and the 
Crompton fancy cassimere 
loom as the grandest inven- 
tion in the textile machinery 
line within the present cen- 
tury. It is epoch making. 

The tendency of cotton 
manufacturing in the New 
England States is toward finer 
yarns and goods, more than 
what is indicated in the con- 
sumption of long-stapled cot- 
ton of domestic Sea Island 
and foreign growth. Still, the 
latter furnishes the only means 
of estimating it. The con- 
sumption of this kind of cot- 
ton is nearly 60,000,000 pounds 
to-day to less than 16,000,000 

pounds seven years ago, when fine spinning by Northern 
mills received a new vitality due to the competition of 
Southern mills which had become particularly sharp on 
coarse yarn spinning. To-day, about six per cent of the 
consumption of Northern mills consists of long-stapled 
cotton for specially fine yarns, while in 1889 and 1890 
this consumption was somewhat less than two per cent. 
The progress toward the spinning of extra fine yarns is 
evident, yet it cannot be said that American mills are 
more than at the beginning of an era of fine yarn 
spinning. 

The wool manufacturing industry of the United 
States has always been one of particular solicitude for 
legislators and others. Wool growing and wool manu- 
facturing have for the last thirty years been mutually 
supporting in a legislative way. Within the last fifty 
years the wool manufacturing industry has expanded 
from an annual product of about $50,000,000, in 1850, to 
nearly $338,000,000, in 1890. In the forties, and for 
many years thereafter, the woolen product of this coun- 
try was mainly broadcloths, flannels and satinets, all 
honest goods to the extent of using pure wool, very 
little shoddy or wool substitutes being employed till 
after 1860, when the practice of using adulterants was 
largely indulged in, with many examples of creditable 
success so far as skill in deceptive manufacture was con- 
cerned. The tendency toward larger factories and con- 
centration of capital is noted in the census of 1860, which 
gave 1,476 establishments capitalized at an average of 
$26,300 per establishment, compared with an average of 
-$145,000, as given in the census of 1890. The changes 
and progress in the woolen industry may be epitomized 



thus : plain goods of pure wool, as broadcloths, satinets 
and flannels, with a tendency to fancy cassimeres, from 
1845 to 1860 ; fancy cassimeres and flannels, with a ten- 
dency to worsted fabrics for men's and women's wear, 
from 1860 to 1880 ; and since 1880, worsted fabrics for 
men's and women's wear, with no particular tendency 
away from these fabrics, all energy being devoted 
toward their perfection and attractiveness. These 
changes have been brought about by the mechanical 
inventions which have made these manufactures possi- 
ble in a manner that appealed to the taste of the fash- 
ionable world. The chief mechanical factors in these 
changes were the loom and the comb, now brought to 
a remarkably high state of efficiency. There is proba- 
bly a third more worsted fabrics made' now than in 
1890. It is the combing machine, for wool and cotton, 
that is to act the chief part in determining the charac- 
ter of American textile manufactures for the next ten 
years or more. It is only within the last fifteen years 
that any conspicuous advance has been made in comb- 
ing comparatively short-stapled wool like the merino. 
The introduction of a class of machinery capable of 
effecting this has revolutionized the wool manufactur- 
ing industry of this country. The value of the worsted 
manufactures of our mills has increased from $3,701,378 
in 1860, per annum, to over $100,000,000, in 1895. 

The manufacture of knit goods has increased rapidly 
within the last few years, of which there are no official 
statistics, in line with the progress made during the de- 
cade of 1880-90, within which period there was an ad- 
vance in the value of products of 131 per cent, exceed- 
ing that of any previous decade. Before 1850, the knit- 




David Dudley Field. 
Peter Cooper. Chandler White. 



8. F. B. Horse. Daniel Huntington. 
Marshall O. Roberts. Moeea Taylor. 



PROJECTORS OF THE TRANSATLANTIC CABLE, 



ting industry was of small concern, not large enough to 
excite more than local interest. 



THE SUBMARINE CABLE. 

The history of telegraphy gives an early date to the 
first conception of a submarine cable, as many of the 
earliest experiments in telegraphic transmission were 
made under water with an insulated wire. Morse's 
experiments of 1842 between Governor's Island and the 
Battery in New York gave him a basis for his predic- 
tion that the Atlantic would yet be crossed by a tele- 
graph cable. In 1845, Ezra Cornell, who, we have 
seen, is identified with the early progress of the tele- 
graph, laid a cable across the Hudson from Fort Lee to 
the city of New York, which did good service for a 
year, when it was destroyed by ice. In Europe, the 
first genuine submarine cable dates back to 1850, when 
a gutta percha covered copper wire was laid between 
Dover and Calais, which lived only a single day, friction 
against the rocks destroying its insulation. Another 
one was laid in 1851. This new one was armored with 
ten galvanized iron wires and operated for many years 
successfully. Two years later Dover and Ostend were 
connected. 

It now became evident that the time was approaching 
for carrying out Morse's prophecy. Mr. Brett, of Eng- 
land, had been identified with the Dover-Calais cable. 
Mr. Cyrus W. Field and other capitalists with Mr. Brett 
organized a company in 1854, and Mr. Field obtained 
a franchise from the provincial government for fifty 
years for landing transatlantic cables in Newfound- 
land. In 1856 soundings were made between Ire- 



land and Newfoundland, and after several attempts 
a successful cable was laid between Nova Scotia and 
Newfoundland. The first attempt at spanning the ocean 
began on the 7th of August, 1857, when the English 
ship Agamemnon and the American ship Niagara lay- 
ing a cable started from Valentia, Ireland, and directed 
their course for St. Johns, Newfoundland. The cable 
broke on the third day. A second attempt was made 
in 1858. This time the work of laying the cable was 
commenced in mid-ocean, the ships separating and 
proceeding shoreward, one to the east and one to the 
west, each laying cable as they separated. Two fail- 
ures in the cable caused the abandonment of this ex- 
pedition when about three hundred miles, at the most, 
of cable had been laid. Again the effort was made, and 
on the 5th of August, 1858, the third attempt ended, the 
laying was successfully accomplished, and Cyrus W. 
Field sent his first telegram across the ocean from 
America to Ireland on the 7th of August of that year. 
The insulation soon began to fail, and on the 1st of 
September the cable broke down entirely. Oliver 
Wendell Holmes' poem on the subject of De Sauty, the 
electrician of the company, with his message, "All right, 
De Sauty," as its refrain, will be recalled in connection 
with this breaking down of the thin strand on which so 
many hopes depended. 

Between August 13 and September 1, 1858, 129 messages 
of 1,474 words were sent westward, and 271 messages of 
2,885 words were sent eastward, when the cable failed. 
A message from Queen Victoria to the President of the 
United States, 99 words long, required 67 minutes for 
its transmission. Endless trouble was experienced in 
operating the cable before it 
ceased to work at all, and up 
to December 1, 1858, the com- 
pany had expended $1,834,500 
in its failure. The interval 
that elapsed between this and 
the successful laying of the 
next cable was due largely to 
the civil war, but during the 
twelve years from 1854 to 1866 
Mr. Field never abandoned 
the subject, and crossed the 
ocean some fifty times, largely 
in the prosecution of the plan. 
A new company was formed 
in 1866. A second cable had 
been laid part way across the 
ocean and.abandoned the year 
previous, breaking after 1,200 
miles were laid. The new 
company started a new line 
across the ocean and intended 
to pick up the abandoned 
cable and put that to work 
also. The line was commenced 
in Ireland, on the 13th of July, 
1866, and was finished on the 
27th of the same month, and 
on the 4th of August, 1866, the 
Atlantic cable was declared 
open to the public. 

The other cable was grap- 
pled for and recovered, and 
it was completed, thus giving 
two lines between the conti- 
nents. Cyrus W. Field re- 
ceived great renown from his 
work. The United States 
Congress voted him a gold 
medal, the Paris Exposition of 1867 gave him a gold 
medal, and he would have received high honors in 
England, it is said, had he not been a citizen of 
another country. 

The Great Eastern, the most monumental failure in 
the history of steam navigation, seemed for a time to 
have found a scope for her abilities in the laying of 
transatlantic cables, but since her time many special 
cable ships have been built, with every appliance for 
successful and cheap prosecution of the work of laying 
cables, and the Great Eastern has been broken up for 
old iron. The cable is payed out over the stern of the 
ship through special apparatus by which any desired 
strain can be put upon it. The theory is that it has to 
be laid upon the bottom, no suspension from summit to 
summit of subaqueous ridges being permissible. Hence 
it has to be fed out at varying strain and rate accord- 
ing to the slope of the bottom on which it is being 
deposited. The work has become wonderfully sys- 
tematized. Cables are laid at sea with the same un- 
concern that attends any ordinary voyage in a well 
equipped ship under favorable conditions. The system 
of buoying the ends of cables has become so perfected 
that a ship now has no hesitation in dropping the end 
of the cable, to be picked up at any time convenient in 
the future. Nevertheless, the early struggles in the lay- 
ing of the cables form most impressive lessons in the 
ability of mankind to overcome obstacles. 

After the failure of the first European-American 
cable, a new route was agitated from Labrador to 
Scotland, by way of Greenland, Iceland and the Faroe 
Islands. This route is about 1,800 miles long, and the 
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longest water distance is 600 miles. Other deep sea 
cables between Sardinia, Malta, and Corfu, and one 
from the mouth of the Red Sea to India were laid 
shortly after and they failed. A committee of the most 
eminent electricians was organized by the English 
Chamber of Commerce and the Transatlantic Company 
to study the subject, and after eighteen months of labor 
they issued an elaborate report in 1863. Without wait- 
ing for their report a cable between Malta and Alexan- 
dria had been successfully laid, in 1861, and in the year 
succeeding their report, the Persian Gulf cable, about 



wire, the great Pacific forming practically the only 
break in its complete circuit, a break soon to be 
closed. 

We have reproduced for our readers, with the kind 
assistance of the Postal Telegraph Company, the map of 
the world on Mercator's projection, on which are drawn 
the many lines of cable now existing. This map is 
thoroughly up to date, and shows in a most interest- 
ing way the amount of work accomplished. One of 
the most impressive features is the number of lines 
across the Atlantic Ocean between Europe and Amer- 



FIFTY YEARS OF PHOTOGRAPHY. 

In the entire range of invention and discovery nothing 
shows a more brilliant series of successes than the art of 
photography. 

A hundred and fifty years ago, copies of writing had 
been made by the action of light on sensitive paper. 
Giambattista Porta had invented the camera obscura ; 
and more recently Niepce and Daguerre by different 
methods had succeeded in making sun pictures ; and 
Fox Talbot had invented the calotype or talbotype ; 
Herschel had given to the impression made from the 




SECTION OF THE STEAMSHIP NIAGARA ARRANGED FOR LAYING THE TRANSATLANTIC CABLE OF 1858. 



1,330 miles long, was successfully laid. This was the 
major part of the work done prior to the laying of the 
Atlantic cable in 1866. Sir Wm. Thomson (Lord Kel- 
vin) was identified from its earliest days with the cable 
laying art, and in his works may be found many graphic 
accounts of difficulties encountered and how they were 
surmounted. His instruments were used in the earliest 
days for the transmission of signals. It was found that 
with a line of such high capacity, worked with ordinary 
apparatus, endless difficulties were experienced, but Sir 
Wm. Thomson overcame them at an early period. 
His reflecting galvanometer was made to give visual 
signals by movement of its spot of light upon the scale, 
and when it was desired to have permanent signals, the 
siphon recorder traced, by means of ink from a capillary 
orifice, a zigzag line upon a strip of paper and solved the 
problem, the great scientist recurring to Morse's original 
written code produced by his old_ pendulum appar- 
atus. 

Fleeming Jenkin, the Edinburgh professor (whose 
life has been so charmingly written by Robert Louis 
Stevenson, a part of whose interest consists in the re- 
flection of the author's own character, as he was regis- 



ica. Hardly less impressive are the remote lines to 
New Zealand, Australia, Madagascar, and the Mau- 
ritius, while in the opposite sense the great Pacific, as 
yet uncrossed, marks the present limit of man's achieve- 
ments. There is at present, however, a plan under 
way for laying a line across the Pacific from Vancouver 
to Japan, and the full plans were recently placed be- 
fore Congress, but up to the present writing the neces- 
sary co-operation has not been obtained. 

In the electrical outfit of the cable system, the prin- 
cipal progress has been in the adoption of a more deli- 
cate type of instruments for the transmission and re- 
ception of messages. The cables are generally worked 
on the condenser system, there being no through me- 
tallic circuit. The Thomson and Varley transmission 
apparatus increased the old speed eight fold. Thom- 
son's siphon recorder quadrupled the speed of the sys- 
tems used before its advent. 

The cuts accompanying this article are of special 
value. The section of the Niagara is reproduced from 
a contemporaneous wood cut which appeared in the 
Scientific American in 1858. The portrait group is 
a reproduction of a painting now preserved in the New 



object the name " negative " and to the print from the 
negative the name " positive." 

Fifty years ago, in 1846, Schonbein discovered gun 
cotton, and soon after collodion was produced by mak- 
ing a solution of gun cotton in alcohol and ether. It 
was almost immediately adopted by Archer for a film in 
lieu of albumen and gelatine. Pictures produced on the 
sensitive film having collodion as the basis superseded 
the calotype and daguerreotype, and were made almost 
exclusively after this discovery up to within fifteen or 
sixteen years. This film is still used by many photo- 
graphers for special purposes, but more particularly in 
photo-engraving, and for transparencies and lantern 
slides. The collodion film was used for making nega- 
tives as well as positives ; some of the best photographic 
pictures ever produced were made by means of wet 
plate collodion film negatives, albumenized paper being 
used in making the positive prints. Prior to the use 
of albumenized paper sensitized with the silver salts, 
glass positives, called ambrotypes, were introduced by 
making a very thin negative image and backing the 
plate with asphaltum varnish or black velvet, the 
black background producing a positive effect. In 
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tered as a student under Prof. Jenkin at the University 
of Edinburgh) gives an excellent account of the difficul- 
ties experienced by the early cable layers, in which ex- 
peditions Jenkin, great sufferer from seasickness as he 
was, appeared as an enthusiastic worker. To-day all 
is changed. There are a whole fleet of cable ships used 
for cable laying and for repairs, and appliances and 
methods have become systematized to the last de- 
gree. Cables are turned out from the factories 
in lengths of thousands of miles without imper- 
fection, and the world is almost girdled by electric 



York Chamber of Commerce, and represents the incor- 
porators of the Atlantic cable of 1858 assembled in the 
library of Cyrus W. Field, the philanthropist-inventor 
Peter Cooper presiding. In the background the artist, 
the great American portrait painter, Daniel Hunting- 
ton, has introduced his own portrait. The cost of the 
painting alone was $30,000, and a long list of donors 
subscribed for its production. 

Finally, the map gives the authoritative presentation 
of the world's network of cables corrected up to date 
specially for the Scientific American. 



some cases they were bleached by means of a solution 
of mercuric chloride. Collodion positives are still made 
upon thin japanned iron, commonly called tintypes. 

After a great many experiments the modern dry 
plate was produced, not in its present state of perfec- 
tion, but in a way which indicated its capabilities. 
The gelatine dry plate could not be made in perfection 
until after the gelatine itself had been improved so as 
to render it suitable for this purpose. It is to the per- 
fection of the extremely sensitive dry plate that the 
great popularity of photography is to be attributed. 
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Barring the bicycle, probably no craze was ever so 
widespread as that of modern photography. Methods 
of manipulation and improvements in lenses and appara- 
tus have kept pace with improvements in the art itself, 
and the large demand for apparatus and material 
effected a corresponding reduction in prices. Lenses 
have been devised for every use, and the very recent 
improvements in optical glass have rendered it possible 
to produce lenses which are marvels of perfection. 

It is needless to mention the improvements in cameras 
and portable apparatus, for we think it would be 
almost a rarity to find a family of which some member 
is not practically interested in photography. A great 
impetus was given to modern photography by the 
invention of the hand camera and more particularly 
that of the magazine hand camera. Magazine cameras 
in great variety have been brought out. Most of them 
have been fitted for the use of roll films or cut films, 
but a small proportion are arranged for receiving glass 
plates. Such cameras have been made as large as 8 by 
10. The beautiful modern folding camera, being very 
light and portable, has become a great favorite with 
both professionals and amateurs. It is even more port- 
able than the magazine camera. 

From the ordinary side window as a source of illum- 
ination, the daguerreotypist turned to the skylight, and 
special skylights, some of them of large size, were con- 
structed and used to great advantage in the production 
of pictures which have never been surpassed in soft, 
delicate shading. 

After the invention of highly sensitive plates it was 
possible to make a good picture with a smaller sky- 
light, also with a good sidelight, when suitable screens 
were provided. With sensitive plates came the use of 
artificial lighting and flash lights for instantaneous 
work in the night, and in caves and dark places. 

Since the development of the electric light many 
photographic establishments have been fitted out with 
electric lighting apparatus, permitting of taking por- 
traits at night and in cloudy weather. An additional 
advantage in the use of artificial light is that of carry- 
ing on the work on the first floor, thus saving stair 
climbing or traveling in the elevator. With proper 
management the amateur photographer may procure 
flashlight pictures at home in the evening which com- 
pare favorably with daylight work. 

Early in the history of photography it was noticed 
that true color values were not rendered in any photo- 
graphic pictures. Yellow, red, and green always ap- 
peared darker in the picture than in the object, while 
blue and violet appeared lighter. To correct this de- 
fect in photographic pictures the plates were made 
color sensitive by coloring them with applied dyes, or 
by incorporating the dyes with the emulsion used in 
coating the plate. The difference between pictures 
taken with orthochromatic plates and those taken on 
ordinary plates is very noticeable. Colored screens 
have been used in connection with ordinary rapid 
plates for securing similar results, and in copying 
paintings, tapestries, and other works of art depending 
upon color value for effect. Both the yellow screen and 
the orthochromatic plates have been applied simulta- 
neously. 

Very early in the history of photography, in fact be- 
fore Daguerre's discovery, the workers in this line con- 
ceived the idea of making pictures in the colors of 
nature, or as they are shown on the ground glass or 
screen of the camera obscura. Fugitive colored pic- 
tures were made which could be examined by weak 
light, but they were quickly destroyed when exposed 
to strong light. No means was ever found for fixing 
these colored images. Experiments looking forward to 
the discovery of some means of fixing and preserving 
the images have been carried forward without much 
success since the days of Daguerre. 

Tricolor photography is not a strictly modern inven- 
tion, but it has been perfected to a great extent within 
ten years, and very pleasing pictures can be produced 
by this process, although they do not present the ideal 
colored picture. Such pictures are produced by using 
three separate plates and taking the pictures through 
three separate color screens, red, green, and blue ; a 
positive made from a negative taken through a red 
screen is transparent through all places where pure red 
is seen in the subject represented, also more or less in 
parts representing purple or violet and orange. A posi- 
tive taken through the green screen will be transparent 
in the parts that are green in the subject. It will be 
transparent also in the parts representing yellow. In a 
similar way a picture taken through a blue screen is 
transparent to the parts representing the blue portions 
of the subject. 

According to one method, the prints from the nega- 
tive are made upon sensitized gelatine, the gelatine 
carrying the color which is required to build up the 
portion of the picture demanding that color. When 
these three prints are made and superposed, they re- 
produce approximately the colors of the scenes repre- 
sented. 

A modification of this method which results in truer 
colors is accomplished by making three positive black 
and white prints representing the three colors and pro- 
jecting them on a screen, where they are superposed, 
suitable colored screens being placed in front of each 



positive. Some very beautiful effects are produced by 
this method. 

Lippman, of Paris, not long since discovered a very 
simple and interesting method of producing photo- 
graphs in color. He first produces a suitable negative, 
prints a positive from the negative and backs up the 
positive with a film of mercury. The image is seen by 
reflected light, and the colors are produced by inter- 
ference of light in a manner similar to Newton's 
rings. 

Among other developments in photography within 
very recent years may be mentioned several methods of 
reproducing photographic pictures in black and white, 
and other tints by lithography, photogravure, collo- 
type, half-tone and line etching. The collotype is a 
simple style of photographic reproduction. In making 
the collotype, the glass which is to support the film is 
finely "ground and a solution of albumen and silicate of 
soda and water poured over it to form a foundation for 
the film. Upon this foundation is poured a solution of 
ammonium bichromate and gelatine in water. When 
the plate is dry it is exposed to the light through a 
negative and immersed for a time in cool water, after 
which it is dried in a bath of glycerine and water, and 
coated with printing ink. The plate is then printed 
according to the method of the lithographic printer. 

In photogravure the shadows are depressed in the 
plate, and the printing is done on practically the same 
principle as that of steel or copper plate printing. 

In making a photogravure, a transparency or posi- 
tive is taken from a negative by any of the well-known 
methods, and a copper plate larger than the print to be 
made is cleaned and dried and then coated with a solu- 
tion of gelatine and potassium bichromate in water. 
The plate is then dried, placed in a printing frame, and 
exposed through the transparency or positive, after 
which the surface of the film is dusted, etched and 
cleaned, when the plate is printed from, after inking 
and wiping off, either in the same manner as a copper 
or steel plate engraving, or as an etching, leaving a 
thin film of color in different positions on the high 
lights to modify the effects. 

In the half-tone process the sensitive plate is exposed 
in the camera through a grating, which leaves a texture 
on the negative, which, when printed through on the 
bichromatized metallic plate, produces lines or dots, 
which are etched, and which, in printing, leave high 
lights and carry the ink, which produces the shadows. 
When three plates are made through three colored 
screens and three impressions are produced from the 
plate with appropriate colors, very good pictures ap- 
proximating the tints of nature are produced. This is 
now the most popular method of illustrating with 
colors. Recently improvements in the shape of aper- 
tures in the screen have been made. 

With the improvements in photography, the projec- 
tion lantern has been rendered very efficient, so that 
either colored or black and white pictures may now be 
projected upon a screen twenty-five feet square, pro- 
ducing very satisfactory results. In fact, some of the 
most popular entertainments of the day are on this 
order. With improvements in lenses, plates, and devel- 
opers the speed of photography has been increased to 
such an extent as to produce a distinct image in the 
space of TTshtns of a second. This renders it possible to 
catch images of insects, birds and other animals and 
even projectiles in their successive positions. By re- 
versing the process these images are reproduced in such 
rapid succession as to give the pictures all of the move- 
ments of life, without any apparent break in continuity. 
This is in brief the principle of the kinetoscope. 

Photography has proved itself to be of incalculable 
value to other sciences. In surgery it has been em- 
ployed for differentiating tissues. It has been em- 
ployed for detecting stains invisible to the eye. It 
is a faithful recorder of physical phenomena, and has 
been made by Roentgen, in connection with the X ray, 
to show interior portions of the body, and make other 
disclosures of a startling nature. 

In addition to these, photography has been used for 
grasping celestial objects beyond the power of the eye 
and telescope, for mapping the heavens, measuring and 
recording spectra, showing the structure of the sun, 
revealing the extent of nebulae, picturing comets, and 
making records of eclipses and other phenomena. It 
has also revealed things beyond the power of vision and 
the microscope. 



CHEMISTRY. 
An attempt to review the progress of chemistry dur- 
ing the last fifty years requires more space than this 
entire issue would put at our disposal. Fifty years ago 
chemistry and physics were both established on a firm 
basis. Chemistry had had nearly three-quarters of a 
century in which to develop its theory and had become 
formulated into an exact science in which the results 
were attested by the balance and in which exact analy- 
ses were applied by some of the most brilliant minds 
that the world has ever seen. At that time and for 
many years subsequent the old binary or dual system 
of Berzelius was still employed by chemists, and those 
who graduated from the polytechnic schools and col- 
leges up to 1870 studied chemistry under what is known 
as the old system. Dumas opposed the Berzelius sys- 



tem, and, supported by those constituting the French 
school of chemists, obtained a victory about 1832. 
Nevertheless, for f c/ty years after that period the old 
system held sway, though of course to a greatly dimin- 
ished extent. To-day some of the old time chemists 
who have been unable or indisposed to drop the old sys- 
tem and have not changed it for the new still write sul- 
phuric acid HO,SOa instead of HiSO«, and so for other 
compounds. Those who, like the writer, studied chem- 
istry under the old system and had to change it for the 
new realize how much is involved in it ; how great an 
improvement the new is over the old, and yet how 
unwillingly they dropped the system of their student 
days. The new system carried out Dalton's atomic 
theory to its logical extent, and chemistry took on a 
more systematic aspect, and the consequences of the 
acceptance of Dalton's and Avogadro's law appeared in 
the monumental work of Mendeleeff. The indefati- 
gable scientist of Siberia, who, it is worth noting, is a 
seventeenth son, in a paper read before the Russian 
Chemical Society in 1889, at one bold stroke made his 
great announcement of the periodicity of the properties 
of the elements. In a halting way his predecessors had 
noted some slight relations between the atomic weights, 
especially of the four haloids, but Mendeleeff applied 
his system to the entire scheme of elements, drew up 
his famous table, showed how in accordance with it the 
elements ought to occur, and at once established one of 
the greatest triumphs of science, one that led to some 
of its most remarkable achievements. This table was 
filled with blank spaces where, in order to carry out 
the complete series, elements ought to exist. Almost 
immediately some of the spaces began to be filled by 
newly discovered elements, so that it was recognized 
that Menaeleeff 's law was, to a certain extent, prophetic 
and might point out the existence of elements yet un- 
known to us. It also led to a more accurate censorship 
of the atomic weights and of their other properties. 
Thus uranium, whose atomic weight was formerly taken 
as 120 and then 180, required for the Mendeleeff law 
240, a value confirmed by independent experiments of 
other chemists. Uranium is the element which marks 
one end of the Mendeleeff scale. Gold, tellurium, and 
titanium refused to come into the law under their old 
atomic valuations, but new determinations of atomic 
weights have brought them into the law with the 
others. 

A good indication of the work of chemistry is in the 
discovery of new elements. Upon looking at the dates 
of the discovery of the different elements it is most sur- 
prising to see how many had been discovered prior to 
1846 and how few have been discovered since that 
period. Robert Bunsen in 1860 discovered rubidium 
and csesium ; Crookes, in 1862, thallium ; Reich and 
Richter, in 1863, indium ; Boisbaudran, in 1875, gallium ; 
Marignac, in 1878, ytterbium ; Boisbaudran, in 1879, 
samarium ; and in the same year Nilson, scandium, and 
Cleve. thulium; Welsbach, in 1885, neodymium and pra- 
seodymium ; Marignac, in 1886, gadolinium ; Winkler, 
in 1886, germanium ; Ramsay and Rayleigh, in 1894, 
argon ; Ramsay and others, helium, 1888 to 1895. Many 
of these elements have been discovered by spectrum 
analysis. In the early part of this century the 
laws of the production of a spectrum by permitting 
light to pass through the prism had been seriously 
studied and the properties of the spectrum so pro- 
duced examined. Kirchhoff, in 1859, studied the sub- 
ject as a physicist and soon attracted the attention 
of Bunsen. The latter's unequaled genius for solving 
the most difficult problems of chemistry brought about 
the construction of a new instrument of chemical re- 
search based upon the use of tho prism, and the spec- 
troscope was invented. This was about 1860, and at 
once, for qualitative analysis and for the discovery of 
new elements, an unequaled instrument was put into 
the chemist's hands. The work of Bunsen and Kirch- 
hoff filled the world with amazement and led to the 
most brilliant results in chemistry. By its more recent 
application to astronomy, double stars have been dis- 
covered and the determination of the composition of 
incandescent celestial bodies has bsen effected, and the 
substitution of ruled gratings for the prism has led to 
some of its most interesting developments. 

Woehler's classic synthesis of urea marked the begin- 
ning of advanced synthetical chemistry. The mere 
catalogue of what has been done in organic synthesis 
would fill a volume. Coal tar has proved one of the 
great bases for synthetical work. Perkin, in 1858, pat- 
ented a dye stuff, aniline violet, and that dye marks 
the beginning of an enormous chemical industry, the 
production of coal tar colors. Color after color was 
discovered, and the very existence of the great madder 
fields of Europe was threatened by the discovery of 
coal tar alizarine. In analytical chemistry constant 
improvement was effected. Bunsen brought gas ana- 
lysis to a wonderful degree of perfection. His methods, 
unequaled for accuracy and precision, were gradually 
supplanted in the technical world by simpler ones. 
The chemists' balance was improved largely by the la- 
bors of Becker and other world-famous manufacturers. 
The first edition of Fresenius' works on analytical 
chemistry goes back fifty years ; the great master of 
two generations of chemists in his role of master of the 
world of analytical chemists being almost contempora- 
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neous with the beginnings of the Scientific 
American. 

New methods of attack have been applied. The elec- 
tric furnace, in the hands of M. Moissan, has yielded 
remarkable results. Fluorine, the element which for 
so many decades resisted isolation, was isolated by him. 
By the utilization of electricity, rare metallic elements 
were also reduced from their compounds, and the elec- 
tric current was applied by Classen with much success 
to the problems of analysis by electrolysis of aqueous 
solutions of the double oxalates. The synthesis of car- 
bon and hydrogen has been effected on the large scale 
by the electric furnace, in which carbides decomposable 




THE FIRST PHONOGRAPH. 

by water are first produced. The decomposition of 
these by water gives acetylene gas, a veritable triumph 
of synthesis. 

The every-day appliances of the laboratory have been 
improved beyond the dreams of old time chemists. Now 
special apparatus is procurable for all purposes. Rapid 
nitration, introduced originally by Bunsen, is really 
one of the notable improvements of the period we treat 
of, and in the hands of &ooch and others has been 
greatly developed and improved. 

It may seem that the chemist's work is done, but it 
is not. The discovery of metallic carbonyls is an illus- 
tration of how great recent discovery may be. It was 
found by Mond that carbon monoxide gas had the won- 
derful power of combining with nickel, and also less 
freely with iron at ordinary temperatures, and could 
carry them off in the state of gas. This dates back only 
a few years. Had the discovery yielded the fruits ex- 
pected, it would have fairly revolutionized some indus- 



tries. The same is to be said for calcium carbide and 
acetylene gas, already alluded to. 
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THE PHONOGRAPH. 

In December, 1877, a young man came into the office 
of the Scientific American, and placed before the 
editors a small, simple machine about which very few 
preliminary remarks were offered. The visitor without 
any ceremony whatever turned the crank, and to the 
astonishment of all present the machine said : " Good 
morning. How do you do ? How do you like the 
phonograph ? " The machine thus spoke for itself, 
and made known the fact that it was the phonograph, 
an instrument about which much was said and written, 
although little was known. 

The young man was Edison, and the phonograph 
was his latest invention. The edi- 
tors and employes of the Scien- 
tific American formed the first 
public audience to which it ad- 
dressed itself. Edison, even then, 
was a well known and successful 
inventor. The invention was novel, 
original, and apparently destined 
to find immediate application to 
hundreds of uses. Every one want- 
ed to hear the wonderful talking 
machine, and at once a modified 
form of the original phonograph was 
brought out and shown every- 
where, amusing thousands upon 
thousands ; but it did not by any 
means fulfill the requirements of 
the inventor. It was scarcely more 
than a scientific curiosity or an 
amusing toy. Edison, however, re- 
cognized the fact that it contained 
the elements of a successful talking 
machine, and thoroughly believed it was destined to be- 
come far more useful than curious or amusing. He con- 
tended that it would be a faithful stenographer, repro- 
ducing not only the words of the speaker, but the quality 
and inflections of his voice ; and that letters, instead of 
being written, would be talked. He believed that the 
words of great statesmen and divines would be handed 
down to future generations ; that the voices of the 
world's prima donnas would be stored and preserved, so 
that, long after they had passedaway, their songs could 
be heard. These and many other things were expected 
of the phonograph. It was, however, doomed to a period 
of silence. It remained a toy and nothing more for 
years. 

The original instrument consists of three principal 
parts— the mouthpiece, into which speech is uttered ; 
the spirally grooved cylinder, carrying a sheet of tin- 
foil which receives the record of the movements of the 
| diaphragm in the mouthpiece ; and a second mouth- 



piece, by which the speech recorded on the cylin- 
der is reproduced. In this instrument the shaft of the 
cylinder is provided with a thread of the same pitch as 
the spiral on the surface of the cylinder, so that the 
needle of the receiving mouthpiece is enabled to trav- 
erse the surface of the tinfoil opposite the groove of 
the cylinder. By careful adjustment this instrument 
was made to reproduce familiar words and sentences, 
so that they would be recognized and understood by 
the listener ; but, in general, in the early phonographs, 
it was necessary that the listener should hear the 
sounds uttered into the receiving mouthpiece of the 
phonograph to positively understand the words uttered 
by the instrument. 

In later instruments exhibited throughout the coun- 
try and the world, the same difficulty obtained, and 
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perfection of articulation was sacrificed to volume of 
sound. This was necessary, as the instruments were 
exhibited before large audiences, where, it goes without 
saying, the instrument, to be entertaining, had to be 
heard. These instruments had each one mouthpiece 
and one diaphragm, which answered the double pur- 
pose of receiving the sound and of giving it out again. 

Finally it was made known to the public that 
the ideal phonograph had been constructed ; that it 
was unmistakably a good talker ; and that the machine, 
which most people believed to have reached its growth, 
had after all been refined and improved until it was 
capable of faithfully reproducing every word, syllable, 
vowel,, consonant, aspirate and sounds of every kind. 

During the dormancy of the phonograph, its in- 
ventor secured both world-wide fame and a colossal 
fortune by means of his electric light and other well 
known inventions. He devoted much time to the 
phonograph, and not only perfected the instrument 
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itself, but established a large factory provided with 
special tools for its manufacture, in which phono- 
graphs are turned out in great numbers. 

The improvements reduced the instrument to about 
the size of an ordinary sewing machine. In its con- 
struction it is something like a very small engine 
lathe ; the main spindle is threaded between its 
bearings and is prolonged at one end and provided 
with a drum for receiving the wax cylinder, upon 
which the sound record is made. Behind the spin- 
dle and the drum is a rod upon which is arranged a 
slide, having at 
one end an arm 
adapted to engage 
the screw of the 
spindle, and at the 
opposite end an 
arm carrying a 
head provided 
with two glass dia- 
phragms which 
m ay be inter- 
changed when de- 
sirable. One of 
these diaphragms 
is used when it is 
desired to talk to 
the phonograpjh, 
and when the 
speech is to be 
reproduced the 
other diaphragm 
takes its place. 
The cutter by 
which the impres- 
sions are made in 
the wax is attach- 
ed to the center of 
the diaphragm 
andpivotally con- 
nected to a gravi- 
ty arm attached 
to the side of the 

diaphragm cell. The reproducing cell contains a deli- 
cate glass diaphragm, to the center of which is secured 
a stud connected with a small curved steel wire, one end 
of which is attached to'the diaphragm cell. The record- 
ing and reproducing points are formed of chalcedony. 

The spindle of the phonograph is rotated regu- 
larly by an electric motor in the base of the machine, 
which is driven by a current from one or two cells 
of battery. The. motor is provided with a sensitive 
governor which causes it to maintain a very uniform 
speed. The arm which carries the diaphragms is pro- 
vided with a turning tool for smoothing the wax 
cylinder preparatory to receiving the sound record. 

The first operation in the use of the machine is to 
bring the turning 
tool into action 
and cause it to 
traverse the cyl- 
inder. The turn- 
ing tool is then 
thrown out, the 
carriage bearing 
the recording dia- 
phragm is return- 
ed to the position 
of use, and as the 
wax cylinder re- 
volves the dia- 
phragm is vibrat- 
ed by the sound 
waves, thus mov- 
ing the cutter so 
as to cause it to 
cut into the wax 
cylinder and pro- 
duce indentations 
which correspond 
to the movements 
of the diaphragm. 
After the record is 
made, the carriage 
is again returned 
to the point of 
starting, the re- 
ceiving dia- 
phragm is replac- 
ed by the repro- 
d u c i n g d i a - 

phragm, and the carriage is again moved forward by 
the screw as the cylinder revolves, causing the point 
carried by the reproducing diaphragm to traverse the 
path made by the recording cutter. As the point fol- 
lows the indentations of the wax cylinder the repro- 
ducing diaphragm is made to vibrate in a manner simi- 
lar to that of the receiving diaphragm, thereby faith- 
fully reproducing the sounds uttered into the receiving 
mouthpiece 

The perfect performance of the phonograph depends 
upon its mechanical perfection — upon the regularity of 
its speed, the susceptibility of the wax cylinder to the 
impressions of the needle, and to the delicacy of the 



speaking diaphragm. No attempt i s made i n this instru- 
ment to secure loud speaking — distinct articulation and 
perfect intonation having been the principal ends sought. 

The phonograph may be now used for taking dicta- 
tion of any kind, for the reproduction of vocal music, 
for teaching languages, for correspondence, and for va- 
rious other purposes too numerous to mention. 

The wax cylinder upon which the record is made is 
provided with a rigid backing. It is very light and a 
mailing case is provided for safely mailing it. The re- 
cipient of the cylinder places it on his own phonograph 



within a few years — the graphophone, which is similar 
to the phonograph, operating on practically the same 
principle, and the gramophone, which has a flat disk 
instead of a cylinder and makes a record which is a 
sinuous groove, by means of a laterally vibrating 
needle. It reproduces sound by the lateral vibrations 
caused by the following of the reproducing needle in 
the groove of the record. 



CAMEL-BACK LOCOMOTIVE BUILT FOR THE B. & 0. 

Cylinders, 19 by 22 inches ; drivers, 50 inches ; weight, 71,000 pounds 



RAILROAD IN 1853. 

steam pressure, 120 pounds. 



and listens to the phonogram- -in which he not only 
gets the sense of the words of the sender, but recog- 
nizes his expression, which will, of course, have much 
to do with the interpretation of the true meaning of 
the sender of the phonogram. 

A very interesting and popular use of the phono- 
graph is the distribution of the songs of great singers, 
sermons and speeches, recitations, the words of great 
men and women, music of many parts, the voices of 
animals etc., so that the owner of a phonograph may 
enjoy these things with little expense. 

Passing over the application of the phonograph to 
dolls, we will refer briefly to the latest developments of 
the instrument. It has recently been determined to 




INSIDE-CONNECTED EIGHT-WHEELED LOCOMOTIVE BUILT FOR THE B. & 0. RAILROAD IN 1854. 

Cylinders, 15 by 22 inches ; drivers, 00 inches ; boiler, 44 inches diameter ; weight, 56,000 pounds. 

furnish a perfect phonograph for a moderate price 
which will reproduce any record with great fidelity. 
Purchasers will be able to provide themselves with 
records of any desired character, so that the most in- 
teresting of entertainments may be had at a moment's 
notice. This phonograph is driven by a spring motor 
in a manner similar to a music box. It is light, com- 
pact, and readily operated. Although it is designed 
for reproducing only, it may for a small additional cost 
be made to record or to both record and reproduce. The 
records are made on the recording phonograph, which 
is now so perfect as to leave nothing to be desired. 
Other instruments of this class have been devised 



THE AMERICAN LOCOMOTIVE. 
The first practical locomotive to turn its wheels upon 

a track in Ameri- 
ca was the Stour- 
bridge Lion, an 
imported English 
engine. This not- 
able event took 
place August 0, 
1820. The first en 
gineer to run a lo- 
comotive in Ame- 
a"-» r\aa was Horatio 

Allen, who han- 
dled the throttle 
on this occasion. 
It is claimed that 
the first Ameri- 
can-built locomo- 
tive to be put into 
active service was 
the Best Friend, 
which was con- 
structed by Mr. 
E. L. Miller, for 
the South Caroli- 
na Railroad Com- 
pany. This occur- 
red in November, 
1830. 

In the earliest 
days of American 
locomotive build 
ing the influence 
of the original English models is traceable in the 
designs ; but it was not long before the American 
mechanic began to strike out for himself, and build a 
machine specially adapted to local conditions. Vari- 
ous original and radical features were introduced, 
and with such rapidity, that in the brief interval of 
sixteen years between the trial trip of the Best 
Friend and the year 1840, which marks th? opening of 
the half century with which we are dealing, the most 
important elements of the typical American eight- 
wheel engine, as we know it to-day, may be said to 
have been substantially established. 

A comparative study of the cuts of early engines of 
this period will enable the reader to identify, in one 

design or another, 
those characteris- 
tic features which 
are distinctively 
American. He will 
find the leading 
truck, the four- 
coupled drivers, 
with the fire box 
between the axles, 
the bar frame, the 
outside cylinders, 
the equalizing le- 
vers, the "cow 
catcher," and the 
bell, and last, and 
perhaps as char- 
acteristic as any, 
the cab. In say- 
ing that the main 
features of the 
eight-wheel Ame- 
rican engine were 
to be found re- 
presented in the 
1 ocomoti v es of 
184G, it is not to 
be understood 
that this was by 
any means, at that 
time, the accepted 
type, although it 
was destined 
shortly to become 
so. That was an age of investigation, and the student of 
American locomotive history is impressed with the num- 
ber and variety of experimental engines which figured in 
the twenty years from 1841 to 1860. In the first place, 
the inside cylinders and the single driving wheel, which 
have been so very largely retained in English prac- 
tice, were tried and found wanting for the require- 
ments of those days. The. celebrated Globe eight- 
wheeled inside connected engines were for many years 
a familiar feature on many New England roads, and it 
is but a few years since the last of them was consigned 
to the scrap heap. An engine of this type, with 
15 by 22 inch cylinders, built for the Baltimore and 
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Ohio Railroad in 18-54, is shown in the accompanying 
illustration. These, however, were notable exceptions 
to the general practice, which, early in the period 
under consideration, forsook the easy running of the 
inside connected for the greater 
handiness of the outside connected 
type. 

If we would seek for the cause of the 
marked difference in the American and 
English locomotive, starting as they 
did from a common origin (there were 
between 25 and 30 engines in all im- 
ported from England), it will be found 
in the different conditions under which 
the two types had to do their work. 

For reasons which are given else- 
where in this issue, the early English 
roads were built more solidly, and with 
lighter grades and easier curves than 
the early American roads. The rela- 
tively smooth and straight English 
track permitted the use of the more 
rigid plate frame engine with rigid 
wheel base, and it has continued to 
be the prevailing type. The cheaper 
and lighter American track, which 
was necessitated by the long stretches 
of thinly peopled country which had 
to be covered, called for a special make 
of locomotive, with lateral and vertical 
flexibility. The lateral adjustment was obtained by 
means of the leading truck, and the vertical adjustment 
by the equalizing levers. By these devices, the weight is 
carried upon three points of support, one forward 
beneath the cylinders, and one on each side of the fire 
box. The principle of leverage is so ingeniously ap- 
plied, that] the shock of any one wheel passing an ob- 
struction is distributed and reduced before it reaches 
the main body of the engine. The combination of 
these two de- 
vices enabled 
high speeds to 
be maintained 
over track 
which would 
have ditched 
an English en- 
gine before it 
had run a mile. 
The average 
dimensions of 
an 1846 engine 
were as follows: 
Cylinders, 1 5 
or 16 by 20 and 
22 inches; 
weight, 18 to 
20 tons ; dri- 
vers, 4J/g to 5 
feet diameter ; 
and the steam 
pressure varied 
from 90 pounds 
to 120 pounds 
per square 
inch. In 1848 
we find the 
Baldwin Loco- 
motive Works 
undertaking to 
build an ex- 
press engine to 
run sixty miles 
an hour, fol 
which feat they 
provided her 
with 17}i by 20 
inch inside cyl- 
inders and a 
pair of Q% feet 
drivers ; and a 
little later they 
built a some- 
what similar 
engine with 15 
by 20 inch cyl- 
inders and a 
pair of 6 foot 
drivers. The 
single drivel 
was fully test- 
ed, with the al- 
most invaria- 
ble complaint, 
after trial, that 
there was " in- 



— a size which has never since been reached, although 
7 foot drivers are becoming common in up-to-date 
practice. The ten-wheel engine, with six-coupled 
drivers, was patented by Septimus Norris in 1846, and 




No. 999 OF THE N. Y. C. & H. R. R., 1893. 

Cylinders, 19 by 24 inches ; drivers, 86J^ inches ; weight, 62 tons ; steam pressure, 
190 pounds. A modern example of an American eight- wheeled express engine. 
Hauling the Empire State Express, the fastest train in the world ; speed, 
64"22 miles an hour, excluding stops. 



trie Rogers Locomotive Company turned out their first 
celebrated ten- wheelers in 1848. 

The Stephenson link motion was first employed by 
Mr. William T. James, of New York, in 1832. It was and light loads, was aiming at a high theoretical efii- 



consisted in the perfecting of details, and the variations 
from the type have been such as were called for by the 
particular class of service which had to be performed. 
In addition to the points of divergence in practice be- 
tween American and English builders 
already noticed, it may be said in gen- 
eral that the American locomotive 1^ 
always been harder worked than th( 
English, and that while it has neve; 
shown such economy in fuel consump- 
tion, it has always been able to get 
away with a bigger load. Where the 
English superintendent would run a 
train in two sections, each of which 
would constitute a load well within the 
hauling capacity of the engine, in 
America one locomotive would take 
the whole train, and would be pushed 
to its utmost capacity in the effort to 
keep within the schedule time. Where 
fuel was cheap and labor dear, it was 
found to be economical in the long run 
to dispense with one train crew, and 
push the locomotive tc the full limit oi 
its power, even if it did vomit black 
smoke and unburnt coal from the 
smoke stack. The difference in the 
cost of labor has had a potent influ- 
ence in the development of the two 
types, especially in the past twenty or 
thirty years. Whereas the Englishman, with his copper 
fire box, brass tubes, deflector plate and mild exhaust, 
his inside cylinders,' : large single drivers, low piston speed, 



first adopted as standard practice in American shops by 
Mr. Thomas Rogers, of the above works, in 1849, and 
with its reintroduction the evolution of the American 
locomotive, as to its essential features, may be said to 
have been complete. The subsequent development has 




FOUR-CYLINDER COMPOUND DECAPOD FREIGHT LOCOMOTIVE, 1893. • 

Weight of engine alone, 96 tons ; hauling capacity, 4,600 tons ; cylinders, 16 inches and 27 inches by 28 inches ; heating 

surface, 2,443 square feet ; steam pressure, 180 pounds. 




ciency, the American, with his four, six, and eight- 
coupled drivers of small diameter, his big cylinder en - 
pacity, large steam ports, his huge boiler with its big 
heating surface,_his roomy Are box and sharp exhaust, 
was aiming at large hauling capacity. It is sufficient to 

say that both 
have reached 
the goal; and 
that while the 
American loco- 
motive will 
haul three tons 
to the English 
two, it will 
burn more fuel 
per ton in the 
effort. 

Between 1850 
and 1860 the 
coal burning 
locomotive be- 
came common, 
and with the 
advent of coal 
the brass and 
copper tubes 
were discarded 
for iron tubing, 
which in turn 
was to give 
place to steel. 
This decade 
also saw the 
general intro- 
duction of the 
wagon-top 
boiler, and the 
influence of an- 
thracite coal 
was seen in the 
long, sloping 
Are box, as 
shown in the 
celebrated 
"camel backs" 
of Ross Wi- 
nans. The next 
decade saw the 
building, at 
the Baldwin 
works, of the 
"Consolida- 
tion," and the 
introduction of 
the Bissel 
truck, the 
swing bolster 
truck, and steel 
tubing. The 
two decades 
18 70 to 1890 
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distinct types, according to the work for which they 
were designed. 

The year 1888-89 was memorable for the introduction 
of the compound engine into America. Compounding 
had already reached a high state of development in 
Europe, when the Pennsylvania Railroad determined 
to give it a trial in American service, and to this end 
purchased an English compound engine, designed and 
built by Mr. P. W. Webb, of the London and North- 
western Railway. The Pennsylvania, as she was 
called, was put to work on the company's regular trains 
and made an excellent record for economy. 

Speaking of its performance, a prominent Pennsyl- 
vania official said at the time: "I am not at 
liberty to give exact figures as to the saving of 
coal shown by the Webb engine over our regu- 
lar passenger locomotives, but I will say that it 
has been considerably over twenty-five per 
cent." The era of compounding, thus intro- 
duced, has resulted in its trial on most of the 
leading roads of the country, and invariably 
with a showing of large economy. The outside 
two-cylinder compound has been the favorite 
type. Two fine examples of the four-cylinder 
compound are shown in the accompanying cuts 
of an express passenger, and a heavy Decapod 
freight, engine, built by the Baldwin works 
under the Vauclain patents. By reference to 
the cuts it will be seen that the cylinders are 
arranged in pairs, the high pressure above the 
low pressure, the piston rods engaging a common 
crosshead. Piston valves are used, being placed 
on the inner side of the high pressure cylinders. 
The engines shown have the Wootton firebox, 
designed for burning low-grade coal, the total 
heating surface of the firebox of the passenger 
engine being 136J^ feet, and of the freight en- 
gine 234)4 feet. 

As illustrating the highest development of 
the simple eight-wheel express passenger en- 
gine, we have selected the New York Central 
engine No. 999, of Empire State Express fame, which is 
at present hauling the fastest train in the world, and 
holds a record speed for the mile of something over 
one hundred miles an hour. 

The dimensions of these three engines, together with 
those of the Lake Shore and Michigan Southern engine 
No. 504 (Brooks Locomotive Works), to whose phe- 
nomenal run we refer later, are given in the accompa- 
nying table : 



tives i n service i n America, representing a money value 
of not less than three hundred millions of dollars. 



THE BICYCLE. 

Lord Charles Beresford has said, " Whoever invented 
the bicycle deserves the thanks of humanity." At the 
present day the bicycle si^rnis unrivaled as a means of 
healthy exercise and pleasure. The practical uses to 
which it may be put seem limitless, and now the bicycle 
is assisting the electric railroad and the automobile car- 
riage to relegate the horse-drawn vehicle to the past. 
The evolution of the bicycle from the primitive forms 
has been by a series of positive steps, each step mark- 



n 




THE VELOCIPEDE OF 1868. 

ing a distinct advance in the march of improvement. 
If for no other reason, the last half century is notable 
on account of the introduction and development of 
the bicycle, and nearly the whole history of this evolu- 
tion falls well .within the period we are considering. 

It is necessary to go back to the last century for the 
germ of this great invention, when a strange device 
called a "hobby-horse" was introduced. It consisted 
of two wheels connected tandem by a rigid frame of 



No. of Engine and Name of 
Company. 



No 999. 

N. Y. C. and H. R. R.R. 

No. 1027. 

Atlantic City R.R 

No. 564. 

L. S. and M, S. R.R. 

No. 805. 

L. E. and W. R R. 



Engine and Builder. 



Four-coupled express. 
N. Y. C. and 11. R. R.R. 
Four-coupled express. 

Baldwin. 

Six-coupled express. 

Brooks. 

Decapod freight. 

Baldwin. 



System. 



V Simple. 
(■ Compound, 
f- Simple. 
I Compound. 



Cylinders. 



19 in. X 21 in. 
X 26 in. 



13 in. 
22 in. 



17 in. X 24 in 
- X 28 in 



16 in. | 
27 in. I 



Drivers. 


86^ 


in. 


mi 


in. 


66 


in. 


50 


in. 



Weight on 
Drivers. 



84,000 lb. 
78,600 lb. 
88,500 lb. 
170,000 lb. 



Total 
Weight. 

124,000 lb. 
143,000 lb. 
113,5001b. 
193,000 lb. 



Heating 
Surface. 



1,930 sq.ft. 
1,835 sq.ft. 



2,443 sq.ft. 



Steam 
Pressure. 

190 lbs. 
190 lbs. 
180 lbs. 
180 lbs. 



The Lake Erie freight engine is rated to pull 4,600 
tons on the level, and on a run between West Carbon- 
dale and Ararat Summit, with a load of 1,107 tons, it 
consumed 828 pounds of fuel per car mile, with a water 
evaporation of 7 '57 pounds per pound of coal. This is 
a really astonishing performance, when we bear in mind 
the grades and the loads. From Carbbndale to Forest 
City, 25 cars, weighing in all 818 tons, were hauled for 
5 miles over a 1 '33 per cent grade ; and from Forest 
City to Ararat Summit, 33 cars, weighing 1,107 tons, were 
hauled for 13"7 miles over a 0'95 of one per cent 
grade. 

No. 999 is one of the class of New York Central en- 
gines which hauled a 361,000 pound train from New 
York to Buffalo, 436'32 miles, at the rate of 64'22 miles 
an hour, exclusive of stops. This superb locomotive, 
which was built at the shops of the New York Central 
and Hudson River Railroad, was on exhibition at the 
Columbian Exhibition at Chicago, and is the most popu- 
lar and widely known engine in America to-day. 

No. 564 to-day holds the record for long distance fast 
runs, having covered 86 miles at the rate of 7292 miles 
an hour. This performance formed part of a 510 mile 
run with various engines from Chicago to Buffalo, at 
the rate of 65 07 miles an hour, exclusive of stops. The 
train load was 304,500 pounds, and the 86 mile run of 
No. 564 included 8 miles at 85 '44 miles an hour, and 33 
miles at 806 miles an hour, with one mile at 92'3 miles 
an hour. At this last speed the revolution of the 
drivers was 469 per minute, and the piston speed 1,878 
feet per minute ! This performance of No. 564 in hauling 
152)4 tons for 33 continuous miles at 80'6 miles an hour 
is unquestionably the greatest locomotive feat that was 
ever officially recorded. That it should have been done 
by a six connected 5}4 foot driver engine simply proves 
the value of great boiler capacity and large steam ports. 

The growth of the locomotive industry can be best 
told in figures. In 1846 the Rogers Locomotive Com- 
pany turned out 17 locomotives ; in 1896 their yearly 
capacity is 300, and they have built 5,150 locomotives in 
all. In 1846 the Baldwin Locomotive Works turned out 
42 locomotives ; in 1896 their yearly capacity is 1,000, and 
they have built nearly 15,000 locomotives to date ! It is 
estimated that to-day there are over 36,000 locomo- 



wood. The rider sat on a saddle midway between the 
wheels and propelled it by means of strides on the 
ground. Naturally its motion was limited to a straight 
line. This rigid, non-steering bicycle, propelled by the 
feet on the ground, was the first step toward the modern 
machine. The second step was taken in 1818, when 
Baron Von Drais introduced a vehicle called a 
" draisienne," which resembled the foregoing machine, 




TANDEH VELOCIPEDE OF 1869. 

but the front wheel was so arranged that steering was 
possible. That such cumbersome means of locomotion 
soon fell into disuse is not to be wondered at. For a 
long time no real progress was made, though various 
systems and devices were introduced to enable the rider 
to propel himself, but they were mostly tricycles and 
were cumbersome and unmechanical. The third step 
consisted in the invention of a bicycle which was 
capable of being steered and which was propelled with- 
out touching the feet to the ground. This machine 



was credited to a Scotchman, Gavin Dalzell. The motion 
of the pedals was downward, the feet describing a small 
segment of a circle. The motion was transmitted to a 
crank attached to the axle of the rear wheel by levers. 
For a long time it was supposed that this invention 
dated from 1834, but in 1892 a close scrutiny of the 
matter resulted in the downfall of the legend, as a 
blacksmith's bill for the iron work was found, which 
proved that it was made in 1847, and also that another 
Scotchman named MacMillan had anticipated Dalzell's 
invention. 

It is to Ernest Michaux, a young French locksmith, 
fourteen years of age, that we are indebted for the next 
great step which made the modern bicycle pos- 
sible. In 1855, while repairing a draisienne, he 
conceived the idea of applying cranks directly 
to the front wheel. He tried the device for a 
couple of days and then showed the machine 
to his friends. The driving mechanism was 
improved by Pierre Lallement, to whom the 

/credit of the invention is sometimes given, but 
the French seemed to have settled the matter 
by erecting a monument to the memory of 
Ernest and Pierre Michaux at Bar-le-Duc in 
1894. The Michaux bicycle or " velocipede," as 
it was called, attained great popularity. We 
illustrate a typical example of the machine as 
improved and ridden by the Hanlon Brothers, 
taken from an engraving published in the 
Scientific American for August 19, 1868. 
The popularity of the velocipede or " bone 
shaker "at that time knew no bounds; riding 
academies were established, races run and the 
machine even penetrated to the far East. The 
columns of the Scientific American of this 
period faithfully mirror the enthusiasm of the 
time. In the issue for March 20, 1869, among 
the "Velocipede Notes," appears an interest- 
ing item to the effect that thirty years pre- 
viously Michael Faraday could be frequently 
seen driving his machine through the suburbs 
of London. 

In 1869 M. Magee, a Parisian, still further improved 
the velocipede by making it entirely of iron and steel. 
In the same year rubber tires were used ; these were 
both important steps in the development of the bicy- 
cle. In 1869 M. Michaux conceived the idea of making 
the front or drive wheel larger than the rear wheel, and 
various other improvements, such as a brake, were in- 
troduced. In 1874 M. Merchegay showed that weight 
would be reduced by using a large front wheel and a 
small rear wheel, and that the rider should be mounted 
directly over the axle of the front wheel. These ideas 
were carried out, and the popular "spider" or "ordi- 
nary " was the result. This machine remained in the 
ascendency for nearly fifteen years. In [ 1875 touring 
became popular, and the bicycle soon showed that it 
had come to stay. The new wheel weighed from 35 to 
50 pounds, against 80 to 100 for the old velocipede. We 
present an engraving of a wheel of the best type of 
"ordinary." 

There were certain ' undeniable dangers connected 
with the use of the high wheel, and accidents were 
many and serious. At length came signs that the de- 
sign and construction of the wheel was in a state of 
transition. Various expedients were adopted to avoid 
the dangerous "header." The "Star" bicycle became 
a prime favorite. In this bicycle the small wheel was 
placed in front and the rider was mounted over the 
axle of the high rear wheel. They were propelled by 
levers, straps and ratchets, which enabled the wheel to 
be geared up, thus introducing one of the most impor- 
tant principles used in the modern machine. 

In 1877 Rousseau, of Marseilles, introduced the " Kan- 
garoo," in which a smaller front wheel was used. 
Power was communicated to the axle by means of in- 
dependent chains and sprockets, to the latter of which 
power was applied by pedals ; this arrangement al- 
lowed the wheel to be slightly geared up. About the 
year 1880, Starley introduced his famous "Rover." At 
the first blush the "safety" of to-day is unrecognizable 
in this machine, but it really embodied the vital points 
of the modern bicycle in its form. The wheels were 
both low, though not of the same size, and the rear 
wheel was driven by chains and sprockets, as in our 
latest wheels. The great superiority of this machine 
over the ordinary was soon recognized. Cycling be- 
came more popular, and by degrees the high wheel was 
abandoned by all the makers. The pneumatic tire was 
the greatest of all the advances since Michaux, and 
marks the last step in the improvement of the wheel of 
to-day. 

The modern bicycle is distinguished from the older 
types of wheels on account of the difference in mate- 
rials, frames and tires. Complex shapes, once thought 
impossible to produce except by casting, are now 
forged. Great improvements have been made in braz- 
ing together the parts and in cold swaging also, so that 
the joints are no longer considered the points of weak- 
ness. 

Great improvements made in the manufacture of 
tubing during the last few years have rendered it possi- 
ble to construct a good road wheel which weighs, when 
complete, only 19 to 22 pounds. By a series of careful 
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tests on the strength of the material used, the liability 
of breakage has been greatly reduced. The use of 
interchangeable parts and automatic machinery has 
also tended to standardize the product. Great ad- 
vances have also been made in the rims, and at the 
present day in this country the heavy steel rim has 
given place to the wooden rim, which, as now con- 
structed, has considerable strength. 

Changes in the frame have been notable. The origi- 
nal Rover frame, which was not strong enough, was 
soon practically abandoned, and, after a time, the dia- 
mond frame took its place. At first, however, the 
frames were built on dissimilar lines, every manufac- 
turer having a model of his own. Soon 
the frames of the wheels began to have a 
general resemblance, and at last the almost 
universal straight line pentagonal dia- 
mond was adopted. Gradually the top 
bar of this frame was raised until to-day, 
in the latest machines, it is parallel with 
the ground. In its frame the bicycle is 
now a veritable mechanical and engineer- 
ing achievement. The bearings received 
more and more attention, until now a 
wheel with ball bearings will travel thou- 
sands of miles without showing any ap- 
preciable wear either to the balls or to 
the bearing cones. There has been a 
gradual improvement also in the sizes of 
the wheels ; at first even in the modern 
safety the wheels were of different sizes, 
out now they are almost universally of 
the same size. In the old velocipedes, 
the frame was rigid, then springs weretin- 
troduced into the saddle and the different 
parts of the frame, and rubber was intro- 
duced into the tires. Then the cushion 
tire was introduced, which made riding 
more enjoyable. Finally the pneumatic 
tire was resurrected from the old patent re- 
cords, thus furnishing the ideal spring be- 
tween the rider and the ground, mini- 
mizing the jar due to inequalities of the 
road and giving the maximum of ease and comfort 
to the rider. In 1845 R. W. Thompson patented in 
England the first pneumatic tire, but it was only in 
1889 that it was adapted to the bicycle by an Irish 
veterinary surgeon named Dunlop. The cushion tire, 
in which there was a hollow space in the rubber, was 
known as far back as 1870, but it became very popu- 
lar only when the pneumatic tire began to be intro- 
duced. It soon succumbed, however, to the pneu- 
matic. It is to the pneumatic tire that we are indebted 
for a large part of the popularity which cycling now 
enjoys, and it may be regarded as one of the most im- 
portant improvements. By these gradual steps the 
bicycle has been brought to its present state of perfec- 
tion. An impressionable Italian has well denned the 
bicycle as "a poem in metal." 

In connection with the bicycle, it is necessary to take 
notice of the tricycle, which was at one time very 
popular. 

The mechanical difficulties connected with the tricy- 



illustration of a tandem velocipede, which was proba- 
bly the earliest known example of the tandem. The 
back seat was intended to be used either as a side 
saddle for women or a man's saddle. The inventor also 
had in view the placing of two side saddles over the 
rear wheel, thus foreshadowing a modern type of spe- 
cial machine. The advantages connected with a tandem 
are so great that it is little wonder they have achieved 
a wonderful popularity. Geared up to high speeds, 
they are able to cover the ground with great ease. Not 
only are the two riders able to carry on conversation, 
but the absence of vibration, and the power which it 
has against a head wind, have all conduced to make 





THE "ROVER" OF 1880. 

cle were less than those connected with the bicycle. 
The large, cumbersome vehicles which traveled over 
our streets some years ago are now rarely seen. There 
appears, however, to be a considerable demand for tri- 
cycles built upon the lines of the modern bicycle, and 
the machines which have been produced within the 
last few years are comparable in design and workman- 
ship with the bicycle itself. There have been a num- 
ber of special forms of bicycle, which, from time to 
tim«, have been put on the market, and many of which 
have been very successful. The tandem is the best ex- 
ample of these special forms of bicycle. As far back as 
April 10, 1869, the Scientific American published an 



THE BICYCLE OF 1879. 

the tandem popular. Gradually came the demand for 
higher and higher speeds ; so the number of riders was 
increased until now, for pacing and racing purposes, 
we have six or even seven riders mounted on a single 
pair of wheels. A sextuplette wheel truly represents 
an engineering achievement, as the truss may have to 
support a thousand pounds. Such a wheel is geared 
to 153, so that every revolution of the pedals carries the 
wheel 38^ feet. 

Ladies' wheels early attracted attention after the 
safety was in use, and to-day the lady riders are num- 
bered by hundreds of thousands. The lady's wheel 
presented a more difficult problem than the ordinary 
bicycle, as the diamond frame was necessarily aban- 
doned. A lady's wheel is now produced of strength 
equal to that of a man's wheel, with a slight increase 
of weight. As far back as 1875 we find the Starleys 
bringing out a high wheel for women. The rear wheel 
no longer tracked with the driver ; it ran upon the end 
of an axletree which protruded twelve or fifteen inches 
to one side of the machine, so that a two-track bicycle 
was the result. This permitted the fair driver to ride 
side-saddle position. It seems almost impossible that 
the lady's wheel could be the outcome of this mechan- 
ical atrocity, and we may rather look for its origin in 
the "Rover." The first drop-frame or lady's machine 
was patented in the United States in 1887. 

When it is considered in its economic aspect, it will 
be seen the bicycle has wrought a veritable revolution, 
rehabilitating many industries and 
causing the downfall of others, while 
travel is diverted into new chan- 
nels. It is estimated that at present 
there are 4,000,000 bicycle riders in 
the United States, while New York 
City alone possesses 200,000 riders. 
There are at least 250 reputable 
wheel manufacturers in the United 
States, besides a host of smaller 
concerns that cannot be strictly 
called manufacturers. Over $60,- 
000,000 are invested in the plants, 
which give employment to more 
than 70,000 persons. It is estimated 
that the wheels turned out this sea- 
son will exceed 1,000,000. A whole 
army of workmen are engaged in 
making bicycle sundries and in re- 
pairing. The wheel has brought prosperity to num- 
berless country hotels and road houses which had 
become almost extinct since the decline of coaching. 
One great benefit conferred by wheeling is the agita- 
tion in favor of good roads. This has been of untold 
value to the country at large. 

" The wheel took a holiday to join in the sport and 
recreation of men, but the yoke of business is upon it 
and it cannot escape the bondage. It took the race 
untold ages to capture the magic circle and harness it 
to human need, and it is too precious for man to give it 
a long tether." For many years the cycle has been a 
plaything of man, but the development! of the last 



few years have rendered it a valuable aid for business 
purposes. It makes the slow fast, and now telegraph 
messengers, postmen, lamplighters, building and street 
inspectors, "walking delegates," policemen, firemen, 
coast patrollers, express messengers, doctors, and others 
are all using the bicycle in their respective avocations. 
The experiments used to demonstrate the applicability 
of the bicycle for war purposes have been entirely suc- 
cessful, so that this opens up a new field of usefulness. 
Bicycles propelled by electricity or one of the petro- 
leum products have been made, but are not in use to 
any extent. 
An eminent physician has said that not within two 
hundred years has there been any one 
thing which has so benefited mankind as 
the invention of the bicycle. Thousands 
of men and women are now devoting half 
their time to this healthy recreation and 
are strengthening and developing their 
bodies and minds, and are not only reap- 
ing benefit themselves but are preparing 
the way for future generations which will 
be born of healthy parents ; and in brief 
this epitomizes the hygienic side of the 
bicycle. 

•-*-• 

THE PROGRESS HADE IN THE GENERA- 
TION OF ELECTRIC ENERGY AND ITS 
APPLICATION TO THE OPERATION OF 
MOTORS DURING THE PAST FIFTY 
YEARS. 
The advancement of science during the 
past fifty years has been so great that 
many are inclined to believe that we have 
found out more within this period than 
all that was known before. While this 
conclusion may not be strictly correct, 
there can be no doubt that the value of 
the principles, the truth of which has been 
conclusively demonstrated during this 
period, is greater than that of all discov- 
eries previously made. This is true even 
of the purely theoretical development of 
science, but when we come to consider the question of 
the practical application of the knowlege thus acquired 
we can, without hesitation, say that the last half of the 
nineteenth century has not only produced greater ad- 
vancement than any previous period of equal length, 
but more than all the centuries that have gone before it. 
This may seem an extravagant statement, but any 
one who will consider the difference between the present 
state of advancement and the condition of the world fifty 
years ago will come to the conclusion that it is substan- 
tiated by the facts. The steamship, the railroad, the 
telephone, the telegraph, the electric light, the electric 
motor, electric railways, and all the numerous collateral 
industries that have been brought into existence there- 
by, have been developed within this period. It is true 
that the telegraph, the locomotive and the steamboat 
were invented previous to this time, but their reduction 
to a thoroughly successful form and their extensive 
practical application has taken place almost wholly 
since 1845. 

Although progress in every department of science has 
been very great, that which overshadows everything 
else is the wonderful development of electricity, specially 
within the last twenty years. 

Previous to 1850, this science was in a very crude 
state. Even the most eminent physicist of those days 
knew little about the fundamental laws of the subject, 
and some of them held views that in the light of our 
present knowledge were absurd in the highest degree. 
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During the succeeding twenty-five years (from 1850 to 
1875) great advancement was made in the way of de- 
velopment of electrical^ theories, and the demonstration 
of the laws that govern electro-magnetic actions. Since 
1875 the progress has been more in the direction of 
practical applications of electric energy than in the ex- 
pansion of theoretical knowledge, and this is just con- 
trary to the general impression in relation to the sub- 
ject. Any one who has doubts as to the correctness of 
this statement, however, can have them dispelled by a 
careful study of the masterly treatise on electricity and 
magnetism by Prof. James Clerk Maxwell, the first 
edition of which was published in the early seventies. 
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This work stands even to-day as one of the foremost 
upon the subject. There is not a known law or prin- 
ciple relating to electricity or magnetism that is not 
fully demonstrated therein, unless it may be some 
action of minor importance. Going back still further, 
we shall find that nearly all that we know of the theore- 
tical part of the subject at the present time may be 
found described and in most cases explained in " Fara- 
day's Researches " or the writings of our own immortal 
Joseph Henry. 

The numerous effects of electro-magnetic action were 
extensively investigated at an early date, but their 
true relation to each other and to the other forces 
of nature were not properly understood until the 
doctrine of the conservation of energy was estab- 
lished upon a Arm foundation. Owing to this fact, 
some of the most distinguished men of fifty years 
ago advanced views that were decidedly at vari- 
ance with the facts and only served to assist hum- 
bugs in their efforts to defraud investors. The 
natural result of this was that development was to 
a certain extent retarded ; but considering the 
great progress that has been made, notwithstand- 
ing such drawbacks, we cannot feel that we have 
much cause for regretting the course that events 
have taken. 

Many of the leading physicists of early days be- 
lieved that the power of an electric motor could be 
increased almost without limit by simply reducing 
the distance between the rotating and stationary 
magnets. This belief was due to the fact that the 
weight that a magnet will hold with the armature 
in actual contact with the poles is very much 
greater than at a distance of but a small fraction 
of an inch. On this account it was assumed 
that accuracy of construction and rigidity of 
design would greatly increase the energy obtainable 
from a given amount of electric current. Charlatans at 
once took up this theory, and when they were unable 
to demonstrate to their victims that they had produced 
wonderful results, they restored confidence by saying 
that the force of the magnets was so great that the 
whole machine would spring and allow the poles to 
actually come in contact and thus absorb the power in 
friction ; but that they thought that certain changes 
they had worked out would get around this difficulty. 
Such explanations with suitable modifications generally 
enabled them to obtain several additional subscriptions 
from the hopeful capitalists ; but in the end confidence 
would be lost, and the plausible inventor would depart 
to other fields, where a new set of victims could be ob- 
tained. 

In the course of time scientific men, who were experi- 
menting in the electrical field, found out that the 
amount of energy that could be obtained from a battery 
was dependent upon the quantity of zinc decomposed, 
and that nothing of any account could be gained by re- 
ducing the clearance between the stationary and rotat- 
ing parts of the motor or, in fact, by any change in the 
design. Having ascertained 
this much, they began to ex- 
periment with a view to dis- 
covering new and more eco- 
nomical means for generating 
the electric current. It was 
then known that a motor 
made with permanent steel 
magnets in the field would act 
as a generator of current, if 
driven at a sufficiently high 
velocity. Machines of this 
class were first made by Pixtl 
in 1832, the principles of their 
action having been demon- 
strated by Faraday about a 
year previous. 

Although J. 8. Woolrich 
constructed a machine of this 
class of considerable size for 
those days in 1841, it was not 
until about 1862 that anything 
worthy of note was accom- 
plished in this line. In that 
year Holmes brought out a 
large machine of sufficient ca- 
pacity to be used for "arc" 
lighting, or, more properly 
speaking, for furnishing cur- 
rent for one "arc" light. This 
machine generated electric 
energy at a much lower cost 
than the electric batteries, but 
its size was very great in com- 
parison with the work it would do, and its construc- 
tion was of such a character as" to be necessarily very 
expensive. Several other large machines of this type 
were designed and constructed during the next three or 
four years, but owing to their cost and bulkiness did 
not meet with much favor. 

In 1866, Wilde developed a machine which was the 
stepping stone to the dynamo of the present day, and 
although the improvements it led to remained prac- 
tically unused during the following ten years, it can 
justly be regarded as the step that marks the begin- 



ning of the present era of electrical development. 
Wilde discovered the fact that the current generated 
by a small magneto machine, if used to energize a pow- 
erful electro-magnet forming the field of a larger ma- 
chine, would enable the latter to develop a current 
many times greater than that of the small machine. 
This discovery resulted in directing the attention of 
scientific men to the subject with renewed vigor. After 
a careful consideration of Wilde's work the conclusion 
was arrived at, that if a comparatively small machine 
could energize the field of a much larger one, that would 
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generate a current many times greater, it ought to be 
possible to use a part of the current of the large ma- 
chine to energize its own field, and thus dispense with 
the smaller machine. But it was also thought that the 
assistance of the small machine would be required to 
start the action. By actual trial it was soon found that 
the larger machine would start a current without the 
assistance of the small one. Then the conclusion was 
that all that was necessary was to pass a current through 
the machine from an external source, when startled for 
the first time, and that the residual magnetism that 
would remain in the iron ever after would be sufficient 
to start the generation of current whenever the ma- 
chine might be set in motion at any future time. It 
was soon found that initial magnetizing was unneces- 
sary, and then it was concluded that locating the field 
in a north and south position would enable the machine 
to start the action by the aid of the earth's magnetism. 
Finally it was found that no such expedients were neces- 
sary ; that all iron is magnetic in a slight degree, and 
that any machine, if properly constructed, would build 
up a current as soon as set in motion. 
One of the most extraordinary facts in connection 




SIEMENS ELECTRIC LOCOMOTIVE OF 1879. 

with the dynamo is that it was in existence and was used 
by the greatest physicist of all countries for thirty years 
or more before its properties were discovered. As far 
back as 1834, Jacobi constructed an electric motor with 
electro-magnets in both the field and armature. This 
machine was a dynamo, and if driven in the opposite 
direction to that in which it ran as a motor, it would 
have generated a current. The action would have been 
very feeble, because the commutator was so arranged 
that it would not allow a continuous current to circu- 
late through the machine. Nevertheless, the action 



would have been sufficient to have been detected. 
But all the motors with electro-magnetic fields made be- 
tween 1834 and 1866 were not of this class. In all pro- 
bability more than half of them reversed the current 
through the armature coils. Such was the arrange- 
ment used by Davenport, who constructed, in 1837, the 
first experimental electric railway. 

Any of the electro-magnet motors in which the cur- 
rent was reversed would have generated a current so 
strong, if they been rotated backward, that its pres- 
ence could not have escaped notice. Yet hundreds of 
theses machines were experimented with for more 
than a quarter of a century, and the fact was 
never discovered. 

Facts like this only serve to show how short- 
sighted the human intellect is, even that which is 
located in the brains of the most eminent men. 

Between 1866 and 1876 very little was done in the 
way of practical development, but quite consid- 
erable in the way of improving the dynamo. In 
the machine of Wilde and several others that imme- 
diately followed it an armature was used that gave 
a pulsatory current. Gramme made an improve- 
ment in this direction by adopting a ring-shaped 
armature, upon which the wire was wound in a 
great many sections, the ends of which were at- 
tached to a commutator of a corresponding num- 
ber of sections. As a result of this construction the 
current was rendered far more uniform, and the 
destructive sparking of the brushes was practically 
eliminated. Siemens, also, worked in this line, 
and accomplished the same results by the use of a 
drum-shaped armature. A few machines of both 
these types were introduced for the operation of 
" arc " lights, but their introduction was at a very 
slow pace. 
In 1876 and the two or three following years, store- 
keepers in the large American cities began to realize 
that the electric "arc" light was very valuable for ad- 
vertising purposes. This at once increased the demand 
for lights, and resulted in the establishment of central 
lighting stations. In the early eighties [these stations 
had become very numerous, and the electric lighting 
industry had attained considerable inportance. In the 
mean time the incandescent light had been reduced to 
a commercial success, and was being rapidly intro- 
duced. 

Up to this time very little was done in the way of 
utilizing electricity for the transmission of power. This 
was due principally to the fa«t that it was not believed 
that electric motors could compete successfully with 
steam engines, inasmuch as they would have to be 
operated by currents generated by the energy of the lat- 
ter, and therefore would cost much more to run, not only 
oil account ofthelossintheconversionandreconversion 
of mechanical into electrical energy, but alsoon account 
of the profit that the central stations would have to 
make to yield a fair return upon the capital invested in 
the generating and distributing plant. As at that time 
it was very generally believed 
that the dynamo could not be 
made very efficient (some plac- 
ing the theoretical limit at 
fifty per cent), this belief was 
almost universal. But at 
about this time it was begin- 
ning to be clearly demon- 
strated that the efficiency of 
the dynamo could be made 
very high. It was shown theo- 
retically that those who 
claimed fifty per cent as the 
limit of efficiency were misled 
by mixing the law of maxi- 
mum work with that of maxi 
mum efficiency. The truth of 
these theoretical arguments 
was demonstrated by the ac- 
tual performance of the best 
machines that were then being 
made, in some of which an 
efficiency approximating nine- 
ty per cent was obtained. 

When it became fully de- 
monstrated that the efficiency 
of dynamos could be made 
very high, the future of the 
electric motor ceased to be so 
hopeless It was then realized 
that the difference in coal con- 
sumption between large and 
small engines would go far 
toward offsetting the losses in 
the generation and transmission of the electric energy 
and in paying the profits of the central station, and that 
the small excess in cost of electric pewer would be largeiy 
if not wholly compensated for by the co»venience, com- 
pactness, and many other advantages of the electric 
motor. On this account the introduction of these ma- 
chines began to be pushed with greater vigor than 
previously. Unfortunately most of the first inventors 
who entered the motor field were not very well in- 
formed in electrical science, and as a result nearly all 
the early machines were defective electrically as weS 
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as crude mechanically. This circumstance served only 
to retard the development of the electric motor. 

In 1884 and 1885, more able men began to turn their 
attention to this field, and from that time up to the pres- 
ent day, the growth of the electric motor has been very 
rapid. 

At first these machines were used for the operation of 
small printing offices and for driving coffee mills, venti 
lating fans, sewing ma- 
chines, etc. Soon after they 
were used to operate pumps 
and also freight elevators 
in warehouses. This led to 
the development of regular 
electric elevator machines, 
which came about in 1888. 
Although an electric pump, 
in the truest sense of the 
word, cannot be said to 
have been developed so far, 
there are many combina- 
tions of motor and pump 
now that are a great im- 
provement on those used 
ten years ago. 

One of the greatest tri- 
umphs of the electric mo- 
tor has been in the street 
railway field. As every one 
knows, a substitute for ani- 
mal power on these roads 
had been looked for for 
many years. Steam, com- 
pressed air, gas, hot water, 
and other systems were 
tried, but without success. 
The cable proved satisfac- 
tory on large roads with 
heavy traffic, but was not 
regarded as a complete so- 
lution of the problem, be- 
cause it was too expensive 
for small roads. 

The possibilities of the 
electric motor in this field 

were realized even before its practicability in other di- 
rections became demonstrated. In 1879 Siemens con- 
structed an experimental electric railway which actu- 
ally carried passengers. Several others worked in this 
field during the following years, but it was not until 
about 1888 that complete success on a commercial scale 
was attained. The electrical equipment of all the street 



certain conditions, but it is safe to say that it is impos- 
sible for it to ever become a formidable rival. 

One direction in which electric motors have made 
great headway, and about which the general public 
knows little or nothing, is in mining, especially coal 
mining. Coal-cutting machines operated by com- 
pressed air have been used for many years ; these are 
now being equipped very generally with electric motors. 
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Mining pumps, hoisting machines, and ventilating 
plants are operated electrically. In addition to these 
may be mentioned mine locomotives, of which a large 
number are in use. 

The extent to which electricity is used in mining may 
be judged when it is said that it is estimated that the 
capital invested in such apparatus aggregates over one 



railways of Richmond in that year, and the complete [hundred million dollars. 



success of the installation, was the real beginning of the 
introduction of electricity for the operation of railways. 
From that time up to the present day, horse roads, in 
towns and cities throughout the United States, have 
been changing over to the trolley system as fast as the 
apparatus could be obtained from the manufacturers. 
The electric rail- 
way motor has 
found its way into 
almost every 
quarter of the 
civilized world, 
but nowhere to 
such an extent as 
in this country ; 
in fact, the devel- 
opment of elec- 
tricity in every 
line has been car- 
ried much further 
here than in any 
other part of the 
world. 

When electrici- 
ty began to invade 
the railway field, 
it was believed by 
many that the 
storage battery 
would become an 
important ad 
junct; but those 
who had such 
hopes have been 
doomed to disap- 
pointment so far, 
and it is probable 
that such will 
continue to be 
their fate. The 
storage battery of 
today is not 
adapted to rail- 
way work. Fu- 
ture i m prove - 
nients may, aifd 
probably will, en- 
able it to compete 
successfully with 
the trolley in iso- 
lated cases, under 



In considering the development of the electrical 
industry, we are accustomed to say that it has been 
brought about within the last twenty years ; but as a 
matter of fact nearly nine-tenths of it is the outgrowth 
of the last fifteen years, and the development of the 
electric motor branch has occurred within the last ten 
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Used in the Belt Line Tunnel of the Baltimore and Ohio Railroad at Baltimore. 



years. At the convention of the National Electric 
Light Association held in Detroit, in August, 1886, a 
paper was read on the subject of electric motors ; and 
to show the extraordinary growth of the industry, it was 
stated that at that time fully five thousand were in use. 
To-day it is estimated that over five hundred thousand 
are used, or a hundred times as many as ten years ago. 
But this difference in numbers does not represent the 

full difference ; for of the 
five thousand motors in 
use in 1886, at least four 
thousand were of the size 
used for driving small fans 
and sewing machines. At 
that time a ten horse power 
motor was considered very 
large, and it is doubtful if 
there were more than fifty 
in operation throughout 
the entire country. To- 
day there are numerous 
machines of over one hun- 
dred horse power, and 
some even five or six times 
that capacity. There are 
several large manufactur- 
ing establishments where 
over three hundred motors 
are in use, their aggregate 
power running in some 
cases beyond four thou- 
sand horse power. Con- 
cerns that use one hundred 
or more motors, requiring 
for their operation from 
one thousand horse power 
upward, are quite numer- 
ous. 

Some idea of the differ- 
ence between the machines 
of to-day and the efforts 
of the early experi- 
menters, in design as well 
as magnitude, may be 
obtained by comparing 
the illustrations of the earlier motors and locomo- 
tives with the later ones. The motor invented by 
Jacob Neff, of Philadelphia, is a fair representation of 
the electric motor of forty and fifty years ago. The 
armatures, which were plain bars of iron, were held by 
the frame of the motor while the electro-magnets were 
carried by a hub on the shaft journaled in the center of 
the frame and carrying a commutator for directing the 
current through the several magnets in succession as 
their poles approached their armatures. The two-phase 
electric motor here illustrated is a machine of to-day. 
This is a Westinghouse 300 horse power motor of the 
self-starting induction type, designed to operate at a 
speed of five hundred 1 evolutions per minute when 

supplied with 
two-p h a s e cur- 
rents of 3,000 al- 
ternations per 
minute and 2,000 
volts pressure. 
This machine af 
fords an example 
of the latest de- 
velopment in elec- 
tric motors. The 
Siemens locomo- 
tive of 1879, under 
guidance of the 
motorman, is here 
figured and one of 
the one hundred 
ton locomotives 
now in use in the 
Belt line tunnel of 
the Baltimore 
and Ohio road at 
Baltimore is 
shown. These 
locomotives are 
more powerful 
than the largest 
steam locomo- 
tives. 

A few figures 
will show the ex- 
tent of the electri- 
cal industry in the 
United States at 
the present time. 
In the mining 
industry it is esti- 
mated that the 
investment in 
electric apparatus 
amounts to over 
one hundred mil- 
lions. 

The estimated 
number of motors 
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in use is five hundred thousand ; placing the aver- 
age value of these at one hundred and fifty dollars, the 
aggregate represents seventy-five millions. The num- 
ber of electric elevators in use is not known, but as there 
are over six hundred in New York City alone, it is 
evident that the total must run up into thousands, 
and represent an investment of ten or fifteen millions. 

There are over twelve thousand miles of electric rail- 
roads, using over twenty-five thousand trolley cars. 
This represents more than ninety per cent of all the 
street railways in the country. The combined capital 
of these roads is over seven hundred 
millions. There are over twenty -seven 
hundred central stations, from which 
light and power are furnished. The 
investment is this line is over three 
hundred millions. There are nearly 
eight thousand isolated plants, valued 
at more than two hundred millions. 

These several industries represent a 
total investment of nearly fourteen 
hundred millions, of which nearly two- 
thirds is invested in those branches in 
which the electric motor, in one form 
or another, is used. This two-thirds of 
the industry has been developed with- 
in the last ten years. 

It is estimated that nearly four per 
cent of all the people in the United 
States make their living in one way 
or another out of the electric industry. 

As an indication of the manner in 
which we have [outstripped European 
countries in the electric field, we may 
mention the fact that there are over 
eight times as many electric railways in 
this country as in all the rest of the 
world combined. 



the fact remains that Elias Howe did independently in- 
vent a practical sewing machine, which contain'ed the 
three essential features of a needle with the eye at the 
point, a shuttle operating beneath the cloth to form 
the lock stitch, and an automatic feed ; that he had 
sufficient faith in his machine to cover it with a patent ; 
and that his unconquerable perseverance enabled him 
to convince the world of its commercial utility and es- 
tablish its reputation as one of the most beneficial in- 
ventions of the age. 
The inventor of the sewing machine was born in 1819 



THE SEWING MACHINE. 

Fifty years have passed since Elias 
Howe applied at Washington for a 
patent on his sewing machine, and 
placed on file the working model which 
is herewith illustrated. On the tenth 
day of September, 1846, the patent was 
granted. That day may justly be 
written down as the birthday of the 
sewing machine — the practical modern 
machine as we know it to-day — and the year 1896 is 
therefore the semi-centennial anniversary of one of 
the greatest labor-saving devices of modern times. 

In according to Elias Howe the title of father of the 
sewing machine, one is not unmindful of the earlier 
attempts of other inventors, whose devices, more or less 
crude and impractical, contained a suggestion of the 
future combination of parts, which was to make possible 
mechanical sewing. The records of the English Patent 
Office show that on July 17, 1790, Thomas Saint patent- 
ed a sewing machine, which had a horizontal cloth 
plate, a vertical reciprocating needle, a continuous 
thread fed from a spool, an automatic feed and means 
for tightening the thread. It sewed with a chain stitch, 
an awl forming the hole, and a needle with a notch in 
its lower end pushing the thread through the cloth, 
and forming the loop. Thimonnier, in 
1830, patented a machine in France, in 
which a barbed needle, shaped like a 
crochet needle, was carried through the 
material from above, and caught a thread 
which was on the lower side, bringing it 
up through the cloth, and forming a chain 
stitch on the upper side. 

Walter Hunt, of New York, applied for 
a patent in 1854, and showed that in 1834 
he had made and sold sewing machines 
which embodied an eye-pointed needle 
and a shuttle. Whatever success Hunt 
may have had with these designs, it is 
certain that it was not until Howe had 
independently invented his own machine, 
and proved its utility to the public satis- 
faction, that Hunt thought his device of 
sufficient importance to cover it with a 
patent. His application was rejected "on 
the ground of abandonment," the courts 
holding that the patent law is framed for 
the protection and reward of such inven- 
tors as disclose their inventions for the 
public benefit. If Hunt's machine was 
practical, as he claimed, we have here 
a notable instance of the folly of al- 
lowing a useful invention to lie dormant until some 
independent inventor has achieved the same result, 
and demonstrated its commercial value. Similar 
cases to this of Hunt and Howe are not far to seek. 
They all teach us that, if the first inventor believes his 
device to be practical and valuable, he should hasten 
to place himself beneath the protection of the patent 
law ; but that if he loses faith in its possibilities and 
value, and gives up his search, he should be content to 
leave the field to others and " for ever hold his peace." 

Whatever credit may be due to the early machines 
above mentioned, and to the later experiments of Hunt, 




ELIAS HOWE MACHINE, SEPTEMBER 
Earliest model filed in Patent Office. 



at Spencer, Mass. His father was a farmer and miller, 
whose means were so small that Howe was put to work 
at bread winning when he was yet a mere child. At 
twenty we find him a machinist in the shop of a Mr. 
Davis, of Boston, Mass., where he was first started 
on his investigation of the possibilities of mechanical 
sewing by hearing a capitalist remark to his employer 
that a large fortune awaited the man who could invent 
a sewing machine. At the outset he lost much valuable 
time in the endeavor to copy the motions of sewing by 
hand. If young Howe had known something of the 
early attempts of Saint, Thimonnier and others, he 
would have given his sewing machine to the world 
some years earlier than he did ; but he had to go over 
the road that others had traversed before him, trying 
in vain to sew successfully with a needle pointed at 




THE WILSON MACHINE OF NOVEMBER 12, 1850 

Earliest model filed in Patent Office. 



both ends, and having the eye at the center. It was in 
1844 that he abandoned the attempt to imitate the hand 
stitch, and conceived the idea of using two separate 
threads, on either side of the cloth, and forming the 
stitch by the co-operation of a shuttle. He was on the 
right track at last, and it was a natural step to shift 
the eye from the center to the point of the needle, so 
as to more readily form the loop for the passage of the 
shuttle. He did this, and in October, 1844, by means of 
a rough model, he had satisfied himself that his de- 
vice would sew. Howe was very poor, and in spite of 
the priceless secret which lay hidden in his brain, he 



found himself quite unable to purchase even the ma- 
terial to build a working machine. Fortunately for 
him and the world at large, he was able to induce a 
former schoolmate, George Fisher, to provide $500 for 
the expenses of constructing a machine, and to board 
Howe and his family while it was being built, in con- 
sideration of which he was to acquire a half interest in 
the patent when it should be taken out. The work was 
finished by April, 1845, and in July he sewed two com- 
plete suits of clothes for himself and Fisher. 
Then came the heartache and disappointment. The 
tailors were suspicious of the machine ; 
and even after a public exhibition, in 
which the machine easily beat five of 
the swiftest sewers of a clothing manu- 
factory, he received not a word of en- 
couragement. 

Howe went back to the garret of 
George Fisher's house and built an- 
other machine, for deposit in the Patent 
Office, this being his second machine 
and the one shown in our illustration. 

In all the annals of the Patent Office 
it would be difficult to find a "strong- 
er" patent than this. So completely 
did it embody the essential features, 
that it carried its author safely through 
such a tempest of litigation as never 
fell upon a patentee before or since. 
Judged by comparison with later ma- 
chines, the product of skilled and intel- 
ligent mechanics, this early effort of 
Howe's, with its piece of cloth stuck 
on the pins of a " baster plate," is a 
somewhat clumsy affair ; but it sewed, 
and it did so according to principles 
which will probably continue to gov- 
ern the construction of sewing machines 
to the end of time. 

By a study of the cut it will be seen 
that a curved, eye-pointed needle was 
carried at the end of a vertical vibrat- 
ing lever, and that it took its thread 
from a spool situated above the lever. 
The tension on the thread was se- 
cured by means of a spring brake, 
whose semicircular ends bore upon the 
spool, the pressure being regulated by a 
vertical thumb screw. The work was 
held in a vertical plane by means of pins projecting 
from the edge of a thin metal "baster plate," to which 
an intermittent motion was given by the teeth of a pin- 
ion. Above the "baster plate" was the shuttle race, 
through which the shuttle, carrying the second thread, 
was driven by means of two strikers, which were ope- 
rated by two arms, and cams located on the horizontal 
main shaft. 

After securing his patent, Howe, discouraged by his 
reception in America, determined to introduce his ma- 
chine in England, and sent one over by his brother, 
Amasa B. Howe, to London, where a Cheapside manu- 
facturer of corsets agreed to furnish money to promote 
the new venture. The following year, 1847, we find 
Howe in London trying, as part of the bargain, to 
adapt his machine to the sewing of corsets. Then fol- 
lowed two years of heartbreaking failure, 
in the course of which the inventor sank 
steadily into poverty. From three small 
rooms, he moves into one in the poorest 
part of Surrey. He borrows from a chance 
friend the means for bare existence, and 
the money to send his sick wife to Ameri- 
ca. Then he finishes a machine worth 
$250, which he sells for $25 ; and finally he 
pawns hisfirst machine and his patent for 
money to carry him back to America, 
where he arrives, practically penniless, in 
April, 1849. 

From this time on the tide of fortune 
sets steadily in his favor. He discovers 
that in his absence his shuttle machine 
has been built and sold freely in America, 
and that the mechanical world is wak- 
ing up to its great possibilities. With 
the assistance of his father he commenced 
an infringement suit against those parties 
who were making his machine, or ma- 
chines embodying his claims, and after 
a bitter fight he came off completely 
victorious. A vigorous attempt was 
made by I. M. Singer & Company 
to break the Howe patent, on the 
ground that an earlier machine (as already mentioned) 
had been made by Walter Hunt ; but while the parts 
of the Hunt machine of 1834, which were recovered and 
produced in court, showed that he was " upon the 
track of the invention," the evidence showed that he 
had finally given up in despair of any practical results. 
In 1854, Judge Sprague, of Massachusetts, in giving a 
verdict for Howe, observed that "there is no evidence 
in this case that leaves a shadow of doubt that, for all 
the benefit conferred upon the public by the introduc- 
tion of a sewing machine, the public are indebted to Mr. 
Howe." His success in the Singer suit was followed by 
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a verdict against other infringers, and they were obliged 
to pay royalties, (at first $25 on each machine), which 
in themselves ultimately gave him a princely in- 
come. He also established a factory in New York, and, 
having bought up the remainder of his patent, he com- 
menced to manufacture his own machine. His patent 
was extended for seven years, in 1860 ; but another ap- 
plication, in 1867, was denied. He was decorated with 
the cross of the Legion of Honor by France, in 1867, 
and died on October 3 in the same year. 

Next to Howe, the name of Allen B. Wilson 
claims notice as the inventor who has done 
the -most to give us the present perfected sew- 
ing machine. To him we are indebted for 
those two most ingenious and beautiful 
pieces of mechanism : the rotating hook and 
the four-motion feed. He claims to have 
conceived the idea of a sewing machine in 
1847. His first machine was built during the 
spring of 1849, while he was in the employ 
of a 'Mr. Barnes, of Pittsfield, Mass., a cabi- 
net maker. In the same year he built a 
second and better machine, and "up to this 
time," says, " I had never seen or heard of a 
sewing machine other than my own." He 
sells a one-half interest in the invention to 
Joseph N. Chapin, of North Adams, and 
with the proceeds takes out his first patent, 
which bears date November 12, 1850. The 
model of this machine, now in the Patent 
Office, is shown in the accompanying illus- 
tration. It formed a lock stitch by means of 
a curved needle on a vibrating arm above 
the cloth plate, and a reciprocating two- 
pointed shuttle traveling in a curved race be- 
low the plate. The feed motion was ob- 
tained by the two metal bars which are seen 
intersecting above the shuttle race. The 
lower bar, called the feed bar, had teeth on 
its upper face, and by means of a transverse 
sliding motion it moved the cloth, which was 
placed between the two bars, the desired 
distance, as each stitch was made. 

In 1851 Wilson patented his famous ro- 
tating hook, which performs the functions of a shuttle 
by seizing the upper thread and throwing its loop over 
a circular bobbin containing the under thread. This 
simplified the construction of the machine by getting 
rid of the reciprocating motion of the ordinary shuttle, 
and contributed to make a light and silent running 
machine, eminently adapted to domestic use. 

In 1852 Mr. Wilson patented his four-motion feed, 
which, in combination with a spring presser foot, may 
be said to form the basis of all modern feeding mechan- 
isms. The feed bar, as its name indicates, had four 
distinct motions, two vertical and two horizontal. It 
was first raised by the action of an eccentric on the 
driving shaft, then carried forward by a cam formed on 
the side of the eccentric (by which operation the work 
was shifted the desired distance), then it dropped, and 
finally it was drawn back by a spring to its original po- 
sition. This machine, as shown in our engraving, uses 
the curved needle and embodies the rotating hook and 
the four-motion feed. The latest type of this machine 
uses a vertical needle bar and a straight needle. 

Wilson had the good fortune soon after securing his 
patent to interest Nathaniel Wheeler, a young carriage 
maker who possessed some 
capital, in his machine, and 
out of this connection grew 
the great house of Wheeler 
& Wilson. Unquestion- 
ably, the association of Mr. 
Wheeler with the sewing 
machine at the very incep- 
tion of the industry was 
very largely answerable for 
its early and rapid success. 
It is rarely that the invent- 
ive and the commercial in- 
stinct are combined in the 
same man. It is certain 
they were not in Wilson. 
Wheeler, on the other 
hand, was eminently quali- 
fied by his wisdom, tact, 
and engaging presence to 
promote the interests of the 
new device. He succeeded 
in interesting some of the 
wealthy capitalists of the 
day, and the successful 
career of the Wheeler & 
Wilson establishment is a 
tribute to his undoubted 
business ability. 

In 1851 W. O. Grover and 
W. E. Baker patented a machine which made the 
" Grover & Baker stitch." They used two needles, one 
above and the other below the material, the lower 
needle passing horizontally through the loop of the 
upper thread and producing a double chain stitch on 
the under side of the cloth. Great things were hoped 
from the double chain stitch by its promoters, and in 



the first twenty years its yearly sales rose to over 50,000; 
but, while it is specially adapted to certain classes of 
work, it has never won the popularity of the shuttle 
lock stitch. 

To Mr. James E. A. Gibbs the world is indebted for 
the single thread rotating hook machine. Mr. James 
Parton, in his historical review of this industry, writ- 
ten in 1871, says: "Twelve years ago, Mr. James E. A. 
Gibbs, a Virginia farmer, saw in the Scientific 




THE SINGER MACHINE, AUGUST 12, 1851. 

Earliest model filed in Patent Office. Reproduced from the Scientific 
American of November 1, 1851. 

American a picture of a sewing machine. The work- 
ing of the apparatus was very plain down to the moment 
when the needle perforates the cloth, and he fell into 
the habit of musing upon the course of events after the 
point of the needle was lost to view. The result of his 
cogitations, aided by infinite whittling, was the inge- 
nious little revolving hook, which constitutes the pecu- 
liarity of the Willcox & Gibbs machine." The rotating 
hook, which is placed below the cloth plate, seizes the 
loop, and during the ascent of the needle, it gives a 
twist to the thread, and spreads it out beneath the 
needle hole ready for the next descent of the needle, 
when the hook catches another loop and repeats the 
operation. 

Patent No. 8294, of August 12, 1851, introduced 
one of the most useful machines, and one of the 
most remarkable men, that have figured in the devel- 
opment of the sewing machine. Isaac Merritt Singer, 
strolling player, theater manager, inventor, and million- 
aire, brought into the business a new machine and 
novel methods of exploitation, which gave a powerful 
impulse to the youthful industry. The Singer improve- 
ments met the demand of the tailoring and leather in- 



transmit the power from the hand wheel to the two 
countershafts for working the vertical needle and the 
shuttle. Singer was also the first to introduce foot 
power in place of the hand-driven crank wheel. He was 
a man of astonishing energy and fertility of resource, 
and he was the originator of the system of sale by 
agents, which has done so much to introduce the sew- 
ing machine into the domestic circle. 
Before passing on to a consideration of the statistics 
of the sewing machine, mention should be 
made of the application of this remarkable 
invention to the shoe and leather industries, 
where it has worked something like a revo- 
lution. The hand sewing of the uppers has 
given place to the quicker work of the ma- 
chine ; and this in turn led to the invention 
of the justly celebrated McKay machine for 
sewing on the soles of shoes, which was first 
introduced in 1861. According to Mr. Fred- 
erick G. Bourne, president of the Singer 
Manufacturing Company, "it is stated that 
as many as 900 pairs of shoes have been 
sewed on one machine in one day of ten 
hours ; and that over 350,000,000 pairs of 
shoes have been made on the McKay ma- 
chine up to the year 1877 in the United 
States, and probably an equal or greater 
number in Europe." This machine used 
a waxed thread and made a chain fstitch. 
The Goodyear, a later machine, makes the 
lock stitch with a waxed thread, and sews on 
the sole in the same way as it is done by hand. 
One could wish to dwell at length upon 
many of the remarkably ingenious applica- 
tions of the sewing machine to the various 
trades, and make mention of the glove 
stitcher, the buttonhole machine, and many 
others, but we must pass on to general sta- 
tistics. 

In 1856 the owners of the original sewing 
machine patents formed the famous " sewing 
machine combination " for the establishment 
of a common license fee, and for the protec- 
tion of their mutual interests. The com- 
bination included Elias Howe, the Wheeler & Wil- 
son Manufacturing Company, the Grover- & Baker 
Sewing Machine Company, and I. M. Singer & Com- 
pany. Any manufacturer who had a machine with 
reasonable claims to novelty was admitted on payment 
of the license. The records of this combination furnish 
us with valuable statistics of the sewing machine indus- 
try up to the year 1876, t when the patents expired ; an 
extract from these records is given below : 

Manufacturer. 

Wheeler & Wilson Manufac- 
turing Company 799 

♦The Singer Manufacturing 

Company 810 

Grover & Baker Sewing Ma- 
chine Company 657 

Howe Sewing Machine Com- 
pany 

Willcox & Gibbs Sewing 
Machine Company 

Domestic Sewing Machine 

Company 

* Originally I 



1853 1859 1867 



1871 



1873 1876 



21,306 38,055 128,526 119,190 108,997 
10,953 43,0E , > 181,260 232,444 262,316 



10,280 32,999 50,838 36,179 



11,053 134,010 90,000 109,294 
14,152 80,127 15,881 12,758 



40,114 83,587 




THE WHEELER & WILSON PERFECTED MACHINE OF JUNE 15, 1852. 

Reproduced from the Scientific American of June 4, 1853. 

dustries for a heavier and more powerful machine. Our 
illustration shows the original machine upon which the 
patent of 1851 was granted. The novelties consisted in 
the circular feed wheel below the cloth plate, which had 
a serrated periphery projecting slightly above the 
plate, and was fed by a rock shaft and pawl ; a thread 
controller ; and the use of gear wheels and shafting to 



10,897 

M. Singer & Company. 

The above reports show that, in the last years of the 

combination, the yearly sales of machines in the United 

States averaged 575,000 ! 
The subsequent census re- 
ports further indicate that 
the annual sales during the 
next fourteen years aver- 
aged over half a million; 
and a canvass which we 
have recently made of the 
leading firms in the United 
States shows that the 
yearly output in 1896 may 
be put down at between 
600,000 and 700,000. 

Furthermore, the records 
of the Bureau of Statistics 
show that the total value 
of the exports of sewing 
machines from 1865 to 1895 
reaches the large sum of 
$67,000,000. 

Some conception of the 
patient investigation, intel- 
ligent thought, and time 
and money that have been 
spent in perfecting the sew- 
ing machine may be had 
from the fact that from 1842 
to 1895 over 7,000 patents 
had been granted on its 
various modifications ! 
Such has been the history of the sewing machine, and 
in the whole field of invention it would be difficult to 
find a device which has ministered more intimately to 
the wants of the race than this. It has brought gold to 
the rich, good wage to the worker, and — best gift of all 
— sadly needed rest to weary fingers and aching eyes 
in many a cottage and garret. 
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AGRICULTURAL MACHINERY 
Before the building of the reaper it could be truly said 
that those who earned their bread by the labor of the 
harvest did so by the sweat of their brows. In the heat 
of midsummer, without protection from the beating 
sun, in a stooping position, the toilers of the world 
gathered the harvests. So excessive and trying was the 
"labor that the wages at harvest time were double those 
of other seasons of the year, and the farmer engaged his 
help months in advance for this rushing period. 

A little more than half a century of American inven- 
tion in harvesting machinery has worked wonders as 
great, and has contributed as much to the wealth and 
prosperity and the civilized progress of the world, as has 
the spinning jenny and power loom in manufactures 
and the railroad in transportation. 

The modern self-binding harvester is drawn into the 
field in the morning, and by night twenty acres are 
cut and bound into bundles with cord bands and 
left in windrows for convenience in shocking. This 
machine does the work of twenty men and does it 
better, saving enough grain over hand labor to pay 
for the cord used in making the bands. To such 
an extent has the industry of producing these ma- 
chines progressed that 150,000 machines of this 
type are produced yearly, the manufacturers in the 
city of Chicago alone turning out more than three- 
fourths of this number. They are sold world wide, 
and every self-binding harvester contains as its 
fundamental elements the inventions of American 
artisans and mechanics. The scythe has given 
way to the mowing machine, and the extreme 
labor of the harvests and the crowds of extra help 
are seen no more on the farm. 

The number of mowers annually produced ex- 
ceeds the number of self-binding harvesters, and 
while they are not such savers of labor, still each 
machine does the work of five men with scythes. 
A conservative estimate of the number of self-bind- 
ing harvesters that will be in use in the harvest of 
1896 would be 400,000, and more than that num- 
ber of mowing machines. In no country are 
these machines used so universally as in America, 
and the tremendous effect of their use in the production 
of grains and stock can scarcely be realized. The agri- 
cultural prosperity of the land depends upon them. 
The great prairies of the West were only developed by 
their aid. It is only by their use that the American 
farmer can compete with the myriad hordes of cheap 
laborers in the old world, and close students of the 
political history of our country lay the preservation of 
the Union to the fact that the reaper allowed the gath- 
ering of the harvests, and the progress and develop- 
ment of the Northwest, to proceed during the time oi 
the great rebellion. 

It takes but a few years beyond a half century to in- 
clude the invention and building of the first practical 
reaper, and the important steps of improvement that 
have taken place upon it to develop it into the effect- 
ive modern machine of to-day. At the beginning 
of the century there was no reaping machine. The 
Royal Agricultural Society of England at that time 
offered a prize for the production of a successful reaper, 
and continued this offer for forty years. The carts that 
t lie ancient Romans used on the plains of Gaul, that 
were pushed ahead of the ox and which were fitted with 
combs that stripped the heads of grain from the stalks, 



Looking back upon the work of the last sixty years in the 
department of reaping machines, it will be seen that 
thousands of ideas have been advanced. Almost every 
known mechanism has been tried for severing, gather- 
ing and handling the cut crop, but through all this 
time and all these experiments the machines that have 
contained the elements invented and arranged as in the 
first machine built by Cyrus H. McCormick have been 
the only ones that have been of use in the real labor of 
the grain harvest. The first machine had a main wheel 
frame, from which projected to the side a platform con- 
taining a cutter bar, having fingers through which re- 
ciprocated a knife driven by a crank ; upon the outer 
end of the platform was a divider projecting ahead of 
the platform to separate the grain to be cut from that 
to be left standing ; a reel was positioned above the 
platform to hold the grain against the reciprocating 





the Mccormick reaper of 1845. 

The first step in the progressive development of the reaper 
was the placing of the raker upon the machine. 



causing the heads to fall into the body of the cart, were 
not machines, inasmuch as they had no gathering, sever- 
ing, or automatically operating devices upon them. 
However, in all history, down to the year 1828, these carts 
are the only practical operating devices mentioned for 
gathering grain. In 1828 an Englishman, Rev. Patrick 
Bell, built a machine that did some work in the field. 
It was used for a few years and discarded. After the 
first World's Fair, which was held in London in 1851, it 
was, however, revived and changed so as to incorporate 
ideas from the American machine on exhibition at this 
fair. Even with the added features it was not a success, 
and soon disappeared from the market. 

In 1831, Cyrus H. McCormick, of Virginia, built the 
first practical grain harvesting machine. It contained the 
essential elements that have been found in every grain 
harvester that has proved a success from that day to this. 



THE FIRST PRACTICAL REAPER. 
Invented and built by Cyrus H. McCormick in 1831. 

knife, and to throw it back upon the platform, and the 
machine was drawn by a team walking at the side of the 
grain. This machine was the first to contain these ele- 
ments, which have invariably been embodied in every 
grain harvesting machine made from that day to this. 
They are the essential elements of a reaper, without 
which no grain harvester can be built. This machine was 
successfully operated on the farm of John Steele, near 
Steele's tavern, Virginia, in the summer of 1831. In 
1833 Obed Hussey built a machine and operated it in 
the field. It was similar to the McCormick machine, ex- 
cept that it had no reel and no divider. It also had no 
platform upon which the cut grain could accumulate 
and be raked to one side out of the way of the path of 
the wheel in the next round of the field. These two 
machines were operated year by year down to 1845, and 
were the only machines up to that time that were capa- 
ble of successfully harvesting grain. 

The first step of importance in the development of 
the practical reaper of 1831 was the addition of the 
raker's seat, which McCormick invented and applied to 
his machine, a device by which the raker could be 
carried upon the machine and as he rode through 
the field rake the grain from the platform to the 
ground, whenever sufficient grain had accumu- 
lated to form a bundle. A cut of the ma- 
chine, with the raker in position, is here 
shown. Up to the time of the invention of 
the reaper, in 1831, a diligent search of the 
Pfitent Office records of all countries, and of 
the files of scientific journals, agricultural 
papers and mechanics' magazines, shows that 
there was but one German, two French, 
twenty-three British and twenty-two Ameri- 
can inventions referred to, and but a small 
number of these were patented. Of this 
number but one machine survived a test in 
the field, and it has been shown by the ex- 
perience of half a century that this machine 
(the Bell) did not contain the essential ele- 
ments necessary for the production of a suc- 
cessful reaper. 

In the early days of the use of harvesting 
machines the reaper was used to cut grass, 
or as a mower, and in 1849, A. J. Purviance, 
of Ohio, obtained a patent for the removing of 
the platform of the reaper, so that the grass when 
cut by the knife could pass back over the finger 
bar upon the ground, and the machine was thus 
more conveniently made a combined machine, or one 
that could both reap and mow. In the spring of 1851, 
McCormick placed his reaper on exhibition at the 
World's Fair at London. Hussey also had his machine 
on exhibition, and they were the only reapers there 
shown. The machines were tested in the field, and the 
Grand Council medal, which was one of four special 
medals awarded for marked epochs in progress, was 
awarded the McCormick. The judges at that fair 
were reminded that othe ■■ efforts had been made 
toward building reapers twenty years before, in Eng- 
land, but they referred to the McCormick machine as 
being worth to the people of England "the whole cost 



of the exposition." When the machine was put into 
the field for trial it astonished all who saw it operate, 
and from this exhibition of the reaper, made at great 
labor and expense by Cyrus H. McCormick, dated the 
introduction of the reaping machine to the people ot all 
lands. At a later exposition, after again winning the 
Council medal, Mr. McCormick was decorated by the 
French government as an officer of the Legion of 
Honor for " having done more for the cause of agrieul 
ture than any living man." 

The next progressive step in the development of (In- 
reaping machine was the application of an automatic 
mechanism to rake the grain from the platform to the 
ground. This work had, up to this time, been done by 
a man riding upon the machine. In 1849 Jacob J. and 
Henry F. Mann, of Indiana, patented a machine hav 
ing a series of endless bands for carrying the grain, after 
it had been cut and reeled upon these bands, to the 
side of the machine, where it accumulated in a 
receptacle until a sufficient amount had been gath- 
ered to form a bundle, when the operator dumped 
the receptacle, leaving the gavel upon the ground. 
In 1850 Homer Atkins, of Illinois, invented a 
device for giving a reciprocating, intermittent mo- 
tion to a rake, in order to deposit the grain upon 
the ground, after it had been cut and reeled upon 
the platform. This machine marks the beginning 
of an era of self-raking reapers, that continued to 
be supplied to the market for twenty years. The 
self-raking reaper was the principal type of a grain 
harvester in use for more than a quarter of a 
century, and there were many improvements of 
minor importance made upon it, such for instance 
as the quadrant platform of Palmer & Williams, 
in 1851 ; the supplementary frame of Densmore, 
in 1852 ; the dropper platform of Lucomb, in 1855 ; 
the Dorsey continuously revolving reel raking 
device, in 1850 ; the Hubbard self-rake, the 
Wood platform rake ; the Whitely improvements 
in reel rakes ; the McClontock Young revolving 
reel gatherers, carrying a rake revolving around 
the reel shaft ; the Burdick, Howard Dodge, 
Whitely and Miller improvements in rakes — all of 
which served their purpose in forming distinctive types 
of machines to cut and deliver grain in gavels on the 
ground. They were all attached to reapers whose 
principles were the same as those invented and built by 
Mr. McCormick in 1831, and which the Paris Exposi- 
tion of 1865, in awarding him the grand medal, the 
highest honor, stated was for " the real inventor of the 
system which has insured in practice the success of the 
new implement which is now available for agriculture." 
After the expiration of Mr. McCormick's patent, in 1848, 
manufacturing establishments started in different sec- 
tions of the country, and the building of harvesting 
machines became a great industry. 

In certain sections of the country, however, particu- 
lar types of machines were used, such, for instance, as 
a machine called the "Header." Such a machine was 
patented in 1849 by Jonathan Haines, of Illinois. It 
had the essential elements of the reaping machine, but 
was pushed ahead of the horses, cutting a wide swath 
and clipping the heads of the wheat, which were carried 




THE MANN HARVESTER OF 1849. 

The second step in the development of the reaper was in 
applying to it an automatic device to remove the grain 
therefrom in gathers. 



to the side of the machine on endless aprons and de- 
posited in wagons driven at the side of the machine, 
and by these wagons carried to stacks. This machine 
was used in considerable numbers in dry countries, and 
has remained in use in limited numbers even to this 
day. In the summer of 1850 Augustus Adams and J. 
T. Gifford, of Elgin, 111., built probably the first hand 
binding harvesting machine. It was a machine of the 
same type as that built by the Manns, in 1849, but it 
had, in place of the receptacle into which the cut grain 
fell as it left the traveling apron that conveyed it to the 
side, a platform upon which men were carried through 
the field, and upon which the grain fell from the end- 
less apron, where it was bound by men carried upon the 
machine. This is probably the earliest example of a 
machine which afterward came into extended use un- 
der the name of haul binding harvester. But little was 
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done with this machine by Mr. Adams, who after- 
ward associated with him one Philo Sylla. In 1853 
they built another machine upon which men bound as 
they rode, but which differed from the first machine in 
that it had a jointed cutter bar. Up to this time all 
machines that had been built had a stiff bar extending 
from wheel to wheel. In 1854 Cyrenus Wheeler, of New 
York, built a machine for cutting grass, that contained 
the jointed bar feature of the Adams & Sylla machine, 
and put into practical shape for the first time the mod- 
ern form of the jointed bar mowing machine. Louis 
Miller, of Canton, Ohio, in 1858 made an invention that 
was an improvement in general form and construction 
upon this type of a machine. The Aultmans, with 
whom Miller was connected, had bought before this 
time the Sylla & Adams patent, and controlled for some 
years the building of jointed bar mowers and reapers. 

In 1858, C. W. and W. W. March, of Illinois, in- 
vented their harvester. It was a machine of the 
Sylla & Adams type, as the grain after it had been 
cut and deposited upon an endless apron was car- 
ried to one side of the machine to men riding up- 
on the machine, who bound this grain into bun- 
dles. It should be remembered that the self- 
raking reaper was the machine in general use up 
to this time, and men did the binding, walking 
from gavel to gavel. The Marsh Brothers thought 
that two men riding upon the machine could do 
as much work as four walking upon the ground, 
and their machine, whicli they continued to de- 
velop and perfect for several years, had finally, in 
1864 and 1865, been got into shape so that it was 
practically operative. A cut of this machine is 
here shown, and it is interesting not only as mark- 
ing a progressive step in the development of har- 
vesting machines, but as furnishing the machine 
to which the automatic binder was successfully 
attached. 

The next step in the progress of development to- 
ward the modern self-binding harvester was the at- 
tachment of a binding device to the reaping machine, to 
take the grain that had been cut and raked into gavels 
and bind the same automatically into bundles. John E. 
Heath, of Ohio, was the first to submit his ideas on the 
way to form a binder, to the Patent Office. He did this 
in 1850. In 1851, Watson, Renwick & Watson, skilled 
theorists, some of whom had been connected with the 
Patent Office in Washington, filed an application for a 
self-binding harvester. The specification was very 
long, and they endeavored to include in it all the ideas 
they could think of that might possibly be some time 
worked into an automatic self-binding harvester. No 
machine of the kind was built by them, and this patent 
is an example of thousands of devices that have been 
submitted for patent, which would have been imprac- 
tical if put into operation. In 1856, C. A. McPhitridge, 
of St. Louis, filed an application for a patent, which, as 
we look back over the art, with the knowledge gained 
from years of experience in the field, is seen to have 
contained ideas approaching some that are now prac- 
tical. Probably the first to complete a binding at- 
tachment that was partly automatic, and to attach it 
to a reaping machine, were H. M. and W. W. Burson, 
of Illinois. 

In 1860, the Bursonshad some wire binding attach- 



matic binders which they were attaching to harvesters 
of the Marsh type, by removing the platform upon 
which the men stood, and placing the automatic binder 
so as to receive the grain as it is delivered from 
the elevator of the harvester. S. D. Carpenter, of 
Madison, Wisconsin, James F. and John H. Jordan, of 
Rochester, N. Y., Spaulding, of Rockford, and With- 
ington, of Janesville, did good work in the develop- 
ment of the automatic binder that bound with wire. 
The use of wire, however, as a binding material met 
with opposition, and the inventors turned their atten 
tion to perfecting an attachment that would bind with 
cord ; and to Marquis L. Gorham, of Rockford, Illinois, 
who built a successful cord binder and had it at work 
in the harvest field in 1874, must be given the credit of 
producing the first successful automatic self-sizing 
binder. It bound with cord and produced bundles of 





THE LOCKE WIRE BINDER OF 1873. 

The fourth step in the practical development of the reaper 
was the placing of an automatic device upon the ma- 
chine to bind the grain. 

ments attached to reaping machines, and in 1863 they 
built one thousand machines. They were not, how- 
ever, automatic machines, being assisted by hand 
labor, and did not do enough of the work to be profit- 
able. In 1864, Jacob Bethel, of Rockford, Illinois, ob- 
tained a patent for a very important invention in bind- 
ers. He showed and claimed for the first time the 
knotting bill, which loops and forms the knot, and the 
turning cord holder for retaining the end of the cord. 
He, however, did nothing more with his invention. 
Sylvanus D. Locke, of Janesville, Wisconsin, during 
these years was working upon a wire binder. He took 
out many patents, and in 1873, after associating himself 
with Walter A. Wood, built and sold probably the 
first automatic self-binding harvester that was ever put 
upon the market. The different builders of reaping 
machines were at work at this time perfecting auto- 



THE MARSH HARVESTER OF 1860. 

The third step in the progressive development of the reaper 
was the placing of men upon the machine to do the 
binding. 



the same size. It was like McCormick's reaper — a 
machine that contained the essential elements that have 
been found in every grain binder since its time. The 
grain in this machine is delivered by the elevators of 
the harvester upon a platform, where it is seized by 
packers, working alternately at the center of the grain, 
and carried forward, wisp by wisp, into a secondary 
chamber, where it is compacted by the packers against 
a yielding trip, so that when sufficient grain is accu- 
mulated, the trip would yield and start the binding 
mechanism into operation. The cord is carried on the 
machine in a ball, one end of which is threaded 
through the needle and fastened in a holder. The 
grain is forced against this cord by the packers, and 
when the binder starts the needle encircles the gavel, 
carrying the cord to a knotting bill of the Bethel type, 
and the end is again seized by the rotating holder, the 
loop formed, the ends of the band severed, and the 
bundle discharged bound from the machine, at which 
time a gate, which has during the binding operation 
shut off the flow of grain, retracts, and the operation is 
again repeated. This is the plan of operation of every 
self-binding attachment that is made even to this day. 
The grain is cut and delivered upon the apron by the 
devices that McCormick combined and arranged more 
than half a century ago. It is carried onward and 
upward to a deck binder by Marsh's plan, and 
selected from the continuous swath and formed 
into gavels, which are bound and delivered by 
Gorham's plan. The most ingenious invent- 
ors of the world have, after twenty years, 
failed to devise a better plan. In 1879, John 
F. Appleby took out a patent on a machine 
upon which he had been working for the 
past four years, which in the arrangement 
of the devices was an improvement to that 
of Gorham. It, however, contained the prin- 
ciples of the Gorham machine, which he had 
seen in operation in the field before he began 
to work upon his twine binder. The mod- 
ern twine binder is in the form of its devices 
and the arrangement of its parts built upon 
the Gorham plan, as improved by Appleby. 
It [may be stated that there is a machine 
built and in practical operation in the dry 
climate of California that cuts, binds, 
thrashes and sacks the grain by a single 
operation. These machines are, however, useful only 
in very dry climates and are made only in limited num- 
bers, perhaps fifty being built and sold each year. The 
plan upon which they are built was described in an 
application for a patent to H. Moore and J. Hascall, 
Kalamazoo, Mich., June 28, 1836. 

The work of the pioneer who enters a new field in in- 
vention and develops a new machine is one requiring 
the greatest persistence, endurance and faith in the 
ultimate success of the undertaking. In reapers not 
only did the machine have to be made capable of suc- 
cessfully doing its work, but being a field machine that 
was to be drawn over the rough fields of the average 
farm, and handled by all classes of men, and removed 
long distances from places of repair, it had to be capa- 
ble of standing hard knocks of every description, 
simple, easily understood, and difficult to get out of re- 



pair. Not only did Mr. McCormick, as the pioneer in- 
ventor, have to design a tool of this kind from the 
foundation, but he had to educate the people to an un- 
derstanding of the possibilities of his invention, and to 
the advantages to be derived from its use. Historians 
have eulogized the pioneers that pressed ahead into the 
wilderness, among savage Indians, and there cleared 
farms and made themselves homes, and opened the 
country for settlement. But the toils and struggles 
and privations that these pioneers overcame cannot 
be compared to the years of thought, experiment and 
toil, the disappointments, the lack of resources and the 
discouragements that surround an inventor who enters 
a new field of invention. Mr. McCormick invented his 
reaper in 1831, and worked with it until 1840 before 
making a single sale ; during the years 1841, 1842 and 
1843 those reapers that he made at the home farm in the 
small blacksmith shop were placed with difficulty, 
even though they did remarkable work, and 
showed a great saving in labor. The farm laborers 
of the country were adverse to them, and threat- 
ened any farmer who sought to use one. 

As an example of the toil that was necessary to get 
agricultural machines into the field, it is known 
that Mr. McCormick made machines in Virginia 
which were carried over the mountains by team 
from Lexington to Richmond, and thence by canal 
to the ocean, by vessel to Ne^ Orleans, and up the 
Mississippi River to distributing points at Cincin- 
nati, Louisville, Dubuque and St. Louis. Being 
without means, his endeavors to induce manufac- 
turers to produce his machines were time and 
again failures, and it was not until he had gone 
personally, on horseback, among the farmers of 
Indiana, Illinois, Ohio and Kentucky, and ob- 
tained from them written orders for his machine 
that he induced a firm in Cincinnati to manu- 
facture them. It was then necessary to follow 
these .machines into the field, to instruct the 
farmer in their operation, and to warrant them to 
give satisfaction, and to remove every possibility of any 
loss to the purchaser before they could be finally induc- 
ed to pay for them. This course was continued by Mr. 
McCormick with unremitting toil for several years, 
until the reputation of his reaper had spread over the 
land. 

It was then that the usual vicissitudes that surround 
an inventor who has a valuable invention began to 
annoy him. Infringers began manufacturing his ma- 
chine without authority. He began suits ; his patents 
were attacked ; interferences were arranged against 
him, and day by day he saw the grant made him by 
the government expiring and his returns from it being 
eaten up in endeavoring to protect his rights. Through 
all this, so great was the tenacity and so strong was the 
faith of Mr. McCormick in his reaper, that he took it to 
the first World's Fair, held at London in 1851, and there 
astonished the world with its operation. Those who 
had been the most sarcastic in deriding the invention 
became the loudest in its praise. 

There are but few statistics obtainable in relation to 
the growth of the industry of manufacturing grain and 
grass cutting machinery. In 1840 there were three 
reapers made, and less than that number of people 
were necessarily employed upon them. In 1845, 500 
machines were made, on which 50 people were em- 
ployed, but not steadily. In 1850, the production had 
increased to 3,000, and in 1855 to 10,000, employing 
more or less steadily 500 people in their manufacture. 




THE MODERN AUTOMATIC, CORD, GRAIN BINDER. 

A machine which cuts, binds and carries the bound bundle 
into windrows. 



with as many more agents and salesmen to get the 
machines upon the farm. In 1860 the output had in- 
creased to 20,000 machines annually, and there were 
more than 2,000 people employed in the industry. Dur 
ing the next ten years, the increase was not so rapid, 
but in 1870 the annual production was about 30,000, and 
5,000 people were engaged in the industry. In 1880 
this output had increased to 60,000, and 20,000 people 
were engaged in the industry. About this time the 
automatic cord binder was perfected, and the next five 
years showed a marked increase in the output. In 
1885 there were more than 100,000 self-binding harvest- 
ers built and sold, 150,000 reapers and mowers, and 
30,000 people were engaged in the various departments 
of the industry. 1890 showed another marked increase 
in production, but not so large as would have been the 
case had all the different harvesting machine com- 
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panies continued the same proportion of increase in 
their output as did several of the larger ones. In this 
yea*' two manufacturing establishments in the city of 
Chicago made more than 200,000 machines, half of 
which were binders, and the other half mowers and 
reapers, and these two institutions alone employed in 
their various branches of manufacturing and selling 
10,000 employes. In 1895 the output of the largest 
of these manufacturing establishments in the city of 
Chicago was 60,000 self-binding harvesters fitted with 
bundle carrier and trucks ; 61,000 mowers, 10,000 corn 
harvesters and 5,000 reapers. The number of employes 
materially increased, but the total number of employes 
in the business has not increased for the last few years. 
There were exported in the year 1880 about 800 self- 
binding harvesters, 



among transatlantic steamships, she was the pioneer of 
her class, and she anticipated by several decades the 
general introduction of steam into the navy. 

The progress of the American navy during the past 
half century has been strangely intermittent, and it 
may be denned as a long stretch of comparative stagna- 
tion, relieved by periods of sudden and remarkable ac- 
tivity, in which the resourcefulness and inventive 
genius of the nation were shown to be merely dormant. 
The first awakening came in the great civil war ; the 
second in the last decade — 1886-1896 — of the period of 
which we are treating, in which a new navy, compris- 
ing ships of the very latest type, has been pl&ced at the 
nation's service. 

Fifty years ago the United States navy was mainly 









2,000 reapers, and 
1,000 mowers. In 1890 
this advance increas- 
ed to 3,000 self-bind- 
ing harvesters, 4,000 
reapers, and 2,000 
mowers. The Argen- 
tine Republic, Para- 
guay and Uruguay 
take most of the ma- 
chines that go to 
South America, and 
perhaps one-quarter 
of the total exports 
are to these coun- 
tries ; another quar- 
ter goes to the colo- 
nies of Australia and 
New Zealand, while 
the remainder go 
largely to the Conti- 
nent of Europe, 

where they harvest the grains along the banks of the 
Red Sea and the Volga in Russia, along the Danube, in 
France, and in Germany, Sweden, Norway, England 
and Scotland. From these figures it will be seen that 
the great user of the labor-saving device is the Ameri- 
can farmer. It is only by employing these labor-saving 
implements that he is enabled to compete in grain rais- 
ing with the hordes of cheap laborers of India, and 
with those on the plains of Russia. 
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COMPARATIVE DIAGRAM, DRAWN TO SCALE, SHOWING THE DIMENSIONS AND WEIGHT OF THE CAST IRON SMOOTH BORE 
8 INCH GUNS OF THE MISSISSIPPI (1846) AS COMPARED WITH THE STEEL 8 INCH RIFLE GUNS OF THE MASSA- 
CHUSETTS (1896). 

composed of line-of-battle ships and frigates, some of 
which carried the scars and the glory of many a hard 
fought duel in the war of 1812. The Naval Register for 
1846 gives the following summary of the number of ves- 
sels in the navy at that time : Ships of the line, 11 ; 
razee (Independence), 1-; first-class frigates, 12 ; second- 
class frigates, 2 ; sloops of war, 23 ; brigs, 8 ; schooners, 
6 ; steamers, 11 ; storeships and brigs, 4 ; a total of 78 
vessels of all classes. Of the battleships, the most im- 
portant was the grand old Pennsylvania, a giant for 
those days, of 3,241 tons and 120 guns, built in 1837. 
She had a full complement of 1,100 officers and men and 
cost $694,500 to build and equip. The other battleships 
were much smaller, being of about 2,600 tonnage and 
carrying 84 guns. The frigates of 1,726 tons carried 50 
guns and the sloops of war averaged about 800 tons, 
carrying from 16 to 24 guns. The armament of these 
vessels consisted of from four to twelve 8 inch guns and 
from sixteen to seventy-two 32 pounders, according to 
the size of the ship. All of the guns were smooth bores, 
firing round shell. , 

The appearance of nearly a dozen steamers upon the 
register reminds us that we are dealing with the period 
which witnessed the passing of the sailing ship. Dur- 



NAVAL AND COAST DEFENSE. 
The student of the past half century of progress in 
naval construction in the United States is tempted to 
exceed the further limits of his subject. As, in the his- 
tory of the steam merchant marine, he cannot refrain 
from mention of the Savannah, so, in tracing the devel- 
opment of the steam warship, he is constrained to go 
back to the time of the war of 1812 and record the fact 
that it dates from that year. It appears that, in spite 
of the splendid service which was being rendered by 
the navy during the course of that war, it was felt that 
the sea coast and harbor defense was insufficient, 
and as a measure of protection to the city of New York 
it was decided to build a powerful battleship which 
should rely main- 
ly upon steam for 
its propulsion. A 
committee of the 
Coast and Harbor 
Defense Associa- 
tion of that day 
appointed Robert 
Fulton as engi- 
neer, and from his 
designs a large 
coast defense 
steam battleship 
of 2,475 tons was 
built and launch- 
ed on June 20, 
1814. According 
to the plans of the 
Fulton, as she was 
named, the pad- 
dle wheel was in 
the center, be- 
tween what ap- 
pear to have been 
practically two 
hulls, with the 
boiler in one hull 
and engine in the 
other. On her 
trial trip she made 
a speed of 5% 
miles an hour 
with her amia- 
m e n t on board. 
As originally de- 
signed, she was to 
have carried 32 
heavy guns. Such 
was the first war 
steamer the world 
ever saw. Like 
the Savannah 



ing the next fifteen years, which intervened before the 
outbreak of the civil war, only half a dozen sailing 
vessels were built, as against 33 steam warships. In ad- 
dition to the service rendered by steam to ocean navi- 
gation in the merchant service, in the navy it brought 
further advantages of a tactical nature, which ren- 
dered it of special value. As compared with the sail- 
ing frigate, the steam frigate was independent of the 
wind and could place herself in the best position for a 
fight, giving or accepting battle as she pleased. This 
alone was sufficient to sound the doom of the grand old 
wooden two and three-deckers, with their towering top- 
sides and lofty stretch of glistening spars and snowy 
canvas. 
The accompanying illustration, from a daguerreotype 

of the Mississippi, 
shows rig and general 
appearance of a war 
steamer of 1846. She 
was launched in 1841, 
and in 1853 C. B. Stu- 
art, the chief engi- 
neer of t h e navy, 
speaks of her as hav- 
ing been altogether 
the most useful and 
economical side 
wheeler in the navy, 
Herdimensions were: 
Length, 230 feet; 
" beam, 40 feet; mould- 
ed depth, 39 feet; ton- 
nage, 1,692 ; displace- 
ment, 3,220. There 
were two side lever 
condensing engines, 
with cylinders 75 
inches diameter by 7 
feet stroke. The boilers, three in number, were built of 
copper, with three furnaces, double return, ascending 
flues, and a total heating surface of 6,000 square feet. 
They weighed, empty, 120 tons. The paddle wheels, 28 
feet diameter, were of the plain radial pattern. The 
average performance of the Mississippi under steam 
alone during an aggregate of 30 days was as follows : 
Speed, 7| knots an hour ; revolutions, 1065 per minute ; 
steam pressure, 10J^ pounds ; coal consumption, 37 
tons per day. The hull cost $306,683 and the ma- 
chinery $243,571. She was armed with two 10 inch 
smooth bore guns, mounted on pivots, one on each 
bow, and eight 8 inch smooth bores, mounted in broad- 
side abaft the paddle box. The range, penetration, 
etc., of these guns were as follows : 
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Gun. 


Charge. 

101b. 
91b. 


Projectile. 

120 lb. shell. 
51 lb. shell. 


Initial 
velocity. 

1,160 f. s. 
1,500 f. s. 


Penetration through seasoned 
white oak at 


10 in.... 
8 in.... 


500 yds. 
32 1 in. 
330 in. 


1000 yds 
84-2 in. 
230 in. 


1500 yds 
18-3 in. 
159 in. 


2000 yds 
137 in. 
110 in. 




THE MISSISSIPPI-UNITED STATES 

Displacement, 3,330 tons ; speed, 71 knots ; armament, two 10 inch 

8M pound*. 



WAR STEAMER OF 1846. 

and eight 8 inch smooth bore guns 



The above penetration of 33 inches through oak 

would be equal 
to a penetration 
of 3 inches 
through iron. 
This was the max- 
imum perform- 
ance of the guns 
of those days. To- 
day the penetra- 
tion at 500 yards 
of the heavy guns 
carried by our 
ships has increas- 
ed from 3 to 30 
inches, an impres- 
sive evidence of 
the growth of 
heavy ordnance. 

At the opening 
of the civil war 
the fleet, of sailing 
ships consisted of 
10 ships of the 
line, 10 frigates, 20 
sloops, and a doz- 
en brigs, store 
vessels and re- 
ceiving ships. The 
steam fleet in- 
cluded 7 screw 
frigates built in 
1855, namely, the 
Niagara, of 12 
guns and 4,580 
tons, and 6 of the 
Roanoke type, of 
40 guns and 3,200 
tons ; 6 first-class 
screw sloops of 13 
to 25 guns and 
1,446 to 2,360 tons; 
4 sidewheeler* of Q 



total broadside, 
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to 15 guns and 1,446 to 2,450 tons ; 8 second-class screw 
sloops of 3 to 6 guns and 694 to 1,289 tons ; 5 third-class 
screw steamers of 5 to 8 guns and 500 tons ; 4 third-class 
sidewheelers of 1 to 3 guns, 450 tons, and 2 screw steam 
tenders, making a total of 52 sailing and 36 steam war- 
ships. Considering the magnitude of the conflict and 
the vast stretch of coast line and rivers upon which it 
was to be waged, this fleet was altogether inadequate, 
and the government strained every nerve by building 
and by purchase to increase its strength and efficiency. 



were formed o f 20 inches of pine and 4 inches of oak, 
and were covered with two layers of 2 inch iron plating. 
The plates, 8 inches wide, had been rolled at the 
Tredegar Foundry, Richmond, from old iron rails. The 
first layer was placed horizontally and the second verti- 
cally, the whole being secured to the backing by 1% 
inch bolts. The ends of the casement were rounded, 
and the roof was formed by an iron grating. Her 
armament consisted of two 7 inch rifled guns pivotally 
mounted fore and aft on the center line. On the broad- 




CUT OF THE CONFEDERATE IRONCLAD MERRIMAC. 

Drawn for the Scientific American from descriptions furnished by a mechanic who assisted in her con- 
struction, and published in the issue of November 9, 1861. Probably the earliest illustration of this vessel. 



How far they succeeded is shown by a government 
inquiry made shortly after the close of the war, which 
showed that since 1861 there had been built by and 
for the navy department the following vessels : 

54 Bcrew sloopB of 500 to 3,200 tons and 4 to 21 guns. 



35 double-ended sidewheelers 825 ' 

8 " " " l " (iron) 

9 tugs 



■ 974 
1,030 
350 ' 

2 " 170 

2 seagoing casement iron- 
clads 5,090 and 3,486 ' 

2 seagoing single turret iron- 
clads 3,265 " 3,033 ' 

5 double turret ironclads 1,564 L 

4 •' ■' " .... 970 

45 single " " . . ,. 525 to 1.034 

10 other vessels of smaller size and various types. 
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10 



In addition to the above there were purchased for the 
navy 497 vessels, ranging in size from 100 to 1,200 tons. 
To this must be added what is known as the " stone 
fleet," comprising 44 vessels of 300 tons, 12 canal boats 
and 22 schooners ; these were purchased to be filled 
with stone and sunk for the obstruction of channels, 
etc. 

In seeking for the birthplace of the modern battle- 
ship we are carried back to the European war of the 
Crimea in 1854, and the American civil war of a few 
years later. The former gave us the first practical ap- 
plication of side armor ; the latter the first actual test 
of the revolving turret. On October 17, 1855, the French 
contingent of the allied fleet dispatched three armor- 
plated ships against the Russian forts at Kinburn, and 
after a stubborn resistance, during which " the steady 
clang of the enemy's shot upon the " four inch " plat- 
ing echoed like the blows of a cyclopean sledge-ham- 
mer," the forts were silenced, and these little 1,400 ton 
ironclads came out of the fight victorious, and practi- 
cally unharmed. But while it is true that this was the 
first practical test of the ironclad, it is but just to men- 
tion the fact that to Mr. Stevens of New York is due the 
credit of having commenced the construction of an 
armored floating battery in the United States as far 
back as the forties. In 1841 he wrote a letter to the 
Naval Harbor Defense Board, proposing to build a 
warship which should embody the following features — 
an iron hull, inclined side armor, engines and boilers 
below the water line, high pressure steam, the screw 
propeller, and rifled wrought iron guns, loading at the 
breech. This remarkable letter formed the basis of a 
subsequent contract. Limits of space forbid a more 
detailed description of this ship ; but the letter with 
cuts of the vessel will be published in a subsequent issue 
of the Scientific American Supplement. 

At the outbreak of the civil war the South realized 
that, with its very limited means for naval construction 
as compared with the North, it could only hope to pre- 
vail by adopting some special type of ship. This con- 
viction led to the reconstruction of the Merrimac, a forty- 
gun steam frigate of 3,500 tons. She was partially burnt 
and sunk at the Norfolk navy yard by the United 
States officers at the opening of the war, to prevent her 
falling into the hands of the enemy, who subsequently 
raised her, and finding the hull and machinery in good 
order, determined to convert her into a side-armored 
battleship. Her upper works were cut down to the 
water line, and a rectangular casement, with sides in- 
clined about 35 degrees, was built amidships. The sides 



side were two 6 inch rifled guns and six 9 inch smooth- 
bore Dahlgren guns. 

Our illustration, which is probably the first represen- 
tation of the Merrimac ever published, was drawn from 
the description of a mechanic who had just come from 
the South, where he had assisted in the reconstruction 
of the ship. It was published before she was at her 
load line, which will account for the fact that she is 
shown with a much higher freeboard than she actually 
possessed. 

The answer of the North to the challenge of the 
South was made in the launch of the turret ship 
Monitor, Ericsson's famous creation. In her design it 
was sought to produce a ship that should be invulner- 
able, of light draught for operation in the Southern 
harbors, carrying few guns, and that should be 
capable of rapid construction. The most novel and 
epoch-making feature was the placing of the guns with- 
in an armored revolving turret. This was not a new 
idea, but it was the first practical application and test 
of it. Others had already suggested it, but to the United 



pheral rollers, but upon a central pivot within the 
ship's hull. It was protected by eight one inch iron 
plates, and the armament consisted of two 11 inch Dahl- 
gren smooth bores. Forward of the turret was an iron 
pilot house 4 feet high covered with a 2 inch plate. The 
deck was pierced by two square smoke stacks and two 
blow holes. In the face of a storm of adverse criticism 
and prediction of disaster, the Monitor was completed 
and launched and dispatched to Southern waters. None 
too soon did she appear on the scene. The Merrimac 
was already at her work of destruction, and in one day, 
March 8, 1862, she had engaged three Northern ships of 
from thirty to fifty guns, in Hampton Roads, and ad- 
ministered a crushing defeat, receiving but little hurt 
herself. On the evening of the same day the Monitor 
steamed into the harbor, and on the day following was 
fought one of the most memorable duels of history. 
The story of the fight is too well known for repetition. 
It proved the superiority of armor to shot, the latter 
glancing from the former, and inflicting but little dam- 
age. The Monitor fired once every 7 minutes, the Merri- 
mac once every 15 minutes. The superior turning power 
of the Monitor and the wide arc of fire through which 
she could use her guns proved a great advantage. The 
failure of either ship to inflict serious injury upon the 
other, however, was due largely to the fact that the 
Monitor was using light charges, lighter than was neces- 
sary, in her 11 inch guns, and the Merrimac was without 
solid shot. 

The effect of the Monitor and her successors upon 
naval construction was far reaching, and showed itself 
in the general adoption of the turret by the navies of 
the world. It may without exaggeration be said that this 
little vessel was the father of the modern battleship, 
whether it be a Massachusetts, a Majestic, or a Charle- 
magne. 

Equally valuable were the lessons of the war in rela- 
tion to all matters of sea coast and river defense. One 
of the first encounters took place at New Orleans, when 
Farragut forced his way past the forts and through a 
strong boom and captured the city. It was a bold 
stroke on the part of the Northern admiral, lor it was 
considered in those days that stone forts such as those 
below New Orleans were sufficient to bar the passage 
of a stronger fleet than that possessed by Farragut. 
The forts, however, were indifferently armed with old 
pattern 8 and 10 inch guns, and would undoubtedly 
have rendered a better account of themselves if better 
armed and manned. There were 17 ships in the fleet, 
mounting in all 192 guns. The same feat was repeated 
two years later at Mobile, when the fleet forced its way 
through a line of torpedo defenses under the concentrat- 
ed fire of Fort Morgan. On both occasions the value of 
extemporized side armor was proved, and in these early 
days of the contest between gun and armor, the ad- 
vantage lay with the armor. On the other hand, the 
early actions off Charleston, and particularly against 
Fort Sumter, were a triumph for the forts, On this 
occasion the fleet under Dupont, the Northern corn- 




Displacement, 1,000 tons : 



THE FEDERAL IRONCLAD MONITOR, 1861. 

length, 172 feet ; breadth, 41^ feet ; draught, 10^ feet ; armor on turret, 8 inches 
thick ; armament, two 11 inch smooth bores. 



States navy belongs the credit of the successful adop- 
tion of a design, which as far back as the Crimean war 
had been offered by Ericsson to the Emperor Napoleon, 
and rejected in favor of broadside plating. 

The Monitor was built in 118 days. She was of 1000 
tons displacement ; 172 feet long, 41^ feet beam, and 
drew 10J^ feet of water. Her deck was plated with 1 
inch, and her sides, which overhung the hull proper, 
with 5 inches of iron, her freeboard being only 2 feet. 
The turret was 20 feet diameter, inside, by 9 feet high, 
and revolved, not, as is the practice now, upon peri- 



mander, consisted of nine ironclads, mounting in all 
seven 15 inch, twenty-two 11 inch and two 50 pounder 
smooth bores, with three 150 pounder rifled guns. The 
forts mounted ten 10 inch, nineteen 8 inch, and eight- 
teen 32 pounder smooth bores, with ten 10 inch mortars, 
two 8 inch, seven 42 pounder and eight 32 pounder 
rifled guns, or 74 guns in all. The ironclad fleet con- 
centrated its fire upon Fort Sumter, and bombarded it 
for an hour, but " the 15 inch shells which were to have 
blown in the masonry of Fort Sumter did nothing of 
the kind." One 10 inch gun was temporarily disabled, 
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one 8 inch gun burst, seven men were wounded and 
one killed. In the fleet the Keokuk was sunk, and the 
other ships were hit from thirty-five to sixty times, with 
temporary disablement of guns and turrets, though the 
damage was on the whole slight, considering the hail of 
heavy projectiles. The failure of this attack seems to 



lated experience of the past four years, and the ships of 
the new navy in which it was embodied, were laid open 
as a kind of reference library or school of instruction 
for the world at large. Foreign naval constructors were 
not slow to learn therein ; and the student of naval pro- 
gress must cross the water if he would follow the devel- 



opment of ships, guns, and armor during the next two 
decades. As the British navy stands at the front dur- 
ing this interim, both in constructional developments 
and numerical strength, it will be sufficient to show the 
advance approximately by quoting the details of par- 
ticular ships of this navy. (See table below.) 
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VERTICAL OR "FEATHERING" PADDLE WHEELS OF 
THE WATER WITCH THE SECOND. 

First of this type to be used in the navy, 1853. 



PNEUMATIC DISAPPEARING GUN CARRIAGE FOR COAST DEFENSE. 

Invented by Captain James B. Eads in 1872. 



show that the coast defense fortifications of those days 
were proof against the attack of battleships, though a 
later attack on Sumter with Parrott rifles, it is true, 
was more destructive. It is certain that the develop- 
ments in artillery since the war are favorable to the 
modern fort, inasmuch as the enormous weight of the 
heaviest modern guns limits their use on the ship, but 
offers no objection to their emplacement within land 
fortifications. 

Before passing on to the present decade mention must 
be made of the destructive work of the Confederate crui- 
sers. The story of the ravages of the Alabama and her 
final sinking by the Kearsarge is well known ; and it is 
largely to the striking success of this ship that the large 
percentage of swift, lightly armed cruisers in modern 
navies is due. The Alabama and her mates practically 
swept the American merchant marine from the high 
seas, and had it not been for its fleet of swift blockade 
runners, the South would have collapsed many months 
before the final capitulation actually took place. 

At the close of the war silence fell upon the busy dock- 
yards of the navy — a silence which was to be practically 
unbroken for the next twenty years. All the accumu- 



Ship. 


Date 
of de- 
sign. 


Dis- 
place- 
ment. 


Speed 

in Armor in 
knots, inches. 

1 


Guns. 

12 inch 35 

ton muzzle 
loading. 


Stages of de- 
velopment. 


D«vaatatHin r . 


1870 


9,330 


14 


12 iii. to 14 
in. iron. 


Great increase 
in size of ships, 
guns and thick- 
ness of armor. 


Inflexible 


187C 


11,880 


12-8 


16 in. to 24 

in. steel 

and iron 

compound 

armor. 


16 inch 80 

ton muzzle 
loading. 


Use of steel for 
armor. Con- 
tinued increase 
in size of ships, 
guns, and ar- 
mor. 


Camperdown. 


1880 


10,600 


169 


18 in. com- 
pound. 


13^ in. 67 
ton breech 
loading, 6 
in. B. L. 
secondary 
battery. 


Use of steel for 
hull. Twin 
screws. Breech 
loading guns 
mounted in 
lofty barbettes. 
Strong second- 
ary battery. 


Imperieuse . . . 


1881 


8,400 


1675 


10 in. com- 
pound. 


9"2 in. and 

6 in. breech 

loading. 


Belted cruiser 
type. 




1885 


2,800 


19 


\}& in. pro- 
tective 
deck. 


6 in. guns 
B. L. 


High speed pro- 
tected cruiser 
type. 



The interval from 1865 to 1885 had also seen the 
launching of the Esmeralda, the first of the modern 
cruiser type, and the development of the automobile 
torpedo and the torpedo boat, with a host of minor 
but important devices for increasing the destructive 
ness of naval warfare. 

Toward the close of this period the United States 
awoke to the fact that, in the modern sense of the term, 
they were practically without a navy, and Congress 
made a modest start in the construction of one by 
authorizing, in 1883, the building of three protected 
cruisers, the Atlanta and Boston, single screw ships, of 
3,000 tons displacement and 15'6 knots speed, and the 
Chicago, of 4,500 tons and 151 knots ; the armament 
consisting of 6 and 8 inch breech-loading rifled guns. 
The work of creating a modern navy has gone forward 
steadily ever since, and the story of its growth and suc- 
cess is epitomized in the table on the next page. 

Bearing in mind how thoroughly up to date are the var- 
ious war ships in this tabulation, it is a most creditable 
showing, and in many respects the new navy is uniqur, 
among the navies of the world. Compared with the 
ships' of other nations, upon a basis of displacement, 




ENGINE OF U. S. S. POWHATAN. 

Designed oy the Bureau ol Steam Engineering, 1849. Charles H. Haswell, Engineer-in-Chief. Built by A. Mehaffy & 
Company, Norfolk, Va. Horse power, 1,172 ; steam pressure, 15 pounds ; total weight of machinery, 508 tons ; weight 
per horse power, 972 pounds. 



ENGINE OF U. S. TORPEDO BOAT 



Designed by the Bureau of Steam En- 
gineering, 1891. George W. Melville, 
Engineer-in-Chief. Built by Iowa 
Iron Works, Dubuque, Iowa. Horse 
power, 1,800 ; steam pressure, 250 
pounds ; total weight of machinery, 
45 tons ; weight per horse power, 56 



pounds. 



1849-ILLUSTRATI0N SHOWING THE ADVANCEMENT IN MARINE ENGINEERING-1891. 
(The two engines are drawn to the same scale, so that the drawings show the relative sizes.) 
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THE NEW UNITED STATES NAVY. 



Name. 



Atlanta, i 
Boeton, j ' 

Chicago . . . 



Dolphin 

Charleston. . 

Newark . . . 

Petrel 

Yorktown 

Maine 

Texas 



Baltimore. 



Vesuvius. 
Cushing. . 



Monterey 

Philadelphia... 
San Francisco. 

Bennington 

Concord 

New York 



Olympia 

Cincinnati 

Detroit 

Marblehead. 

Montgomery. 

Raleigh 

Bancroft 

Katahdin 

uastine 

Machias . . 



Indiana. 



Massachusetts . 
Oregon 



Columbia. 



Ericsson 

Minneapolis. 



Iowa. 



Brooklyn 

Three Helena type. 
Submarine boat 

Nos. 3, 4 and 5 



Kearsarge. 



Kentucky 

Six gunboats 

Nos. 6, 7 and 8.... 

Three battleships. 
Nos. 9, 10 and 11.. 
Nos. 12—18 



Author- 
ized. 



Type of Ship. 



1883 

1883 

1883 

1885 

1885 
18*5 

1885 

1886 
1886 



1S87 
1887 
1887 
1887 

1888 



1888 

1888 
1888 



1888 
1889 



1890 



1890 
1890 



1890 
1891 

1892 



1893 
1893 



1895 



1895 
1895 



1896 
1896 
1896 



'Protected cruiser. 

Dispatch boat. 
(Protected cruiser. 

Gunboat. 

Turret battleship. 

Protected cruiser. 
Dynamite " 
Torpedo boat. 

Monitor. 
Protected cruiser. 

Gunboat. 

Armored cruiser. 
Protected '" 



Protected cruiser. 

Training ship. 
^Harbor defense ram. 
Gunboat. 
Gunboat. 

Coastline battleship. 



Protected cruiser. 
Torpedo boat. 
Protected cruiser. 

Seagoing battleship. 

Armored cruiser. 

Gunboats. 
Torpedo boat. 

Seagoing battleship. 

Gunboats. 

Torpedo boats. 

Battleships. 

First-class torpedo boats. 

Second class torpedo boats. 



Displace- 
ment. 


Speed. 


3,000 


15 6 


4,500 


15 1 


1,486 


155 


3,730 


1820 


4,098 

892 

1,710 


19 00 
11 8 
16 14 


6,682 


17'45 


6,315 


1700 


4,413 


20-09 


929 


21 42 


105 


22 5 


4,084 


13 6 


4,324 
4,098 
1,710 
1,710 


1968 
1953 
17 5 
168 


8,21X1 


2100 


5,870 


2178 


3,213 


1900 


2,089 
2,089 
2,089 


18 71 
1844 

19 05 


3,213 


1900 


839 
2,155 
1,177 
1,177 


14-37 
1625 
16 03 
15 5 


10,288 


1555 


" 


16 15 

16 78 


7,375 


228 


120 


24 00 


7,375 


23-07 


11,410 


1600 


9,271 


21 07 


1,392 
168 


1300 
800 


142 


245 


11,525 


16-00 


11,525 

1,000 


1600 
12-00 


190 


275 


12,000 


1600 
30 00 

au-oo 



1^ in. deck. 



2 " to 3 in. deck. 

2 '• " 3 " •' 

% " deck. 

8 " to 12 in. 

12 B 

2% " to 4 in. deck. 

A " deck. 



~>4 " to 13 in. 

2^ '• " 4 " " 

2 " » 3 " " 
% " deck. 

% " " 

3 " to 6 in. deck. 

4 : ' •' 10 " 

2 " - i% " " 

1 " " 2^ " •> 



A ■' " ft 






k " " % 



2H " 

2H " 
6 " 



do. 
do. 



•15 
- 6 



1 4 



'17 
do. 



Similar to Kearsarge. 



Main Armament. 



S 

2 

I 2 

I '• 

12 

4 



6 
8 
6 
5 
4 
8 
6 
6 
6 
6 6 
I 4 10 
I 6 6 
) 2 12 
I * r- 
1 4 8 
1 6 6 
3 15 
( 3 1- 
-| 3 18 
,2 12 
1 2 10 
12 6 
12 
6 
6 
6 
12 
I 4 
(10 

V, 



8-in. B. L. rifles. 



R. Are 
B. L. 



" dynamite guns, 
pounder U. F. 
in. torpedoes. 
•' B. L. rides. 



R. P- 
B. L. 
R. P. 



» 
I 1 
|10 
4 
4 
8 



rifle, 
rifles. 



•' R. F. " 
pounder R. F. 
in. R. F. 



4 13-in. B. L. rifles. 



2 
8 4 
4 12 
8 8 
6 4 



8 
6 " 

do. 

do. 
8 " B. L. rifle. 
6 " R. F. rifles. 
4 .. 

1-pdr. " 
8-in. B. L. rifle. 
6 " R. P. rifles. 



B.L. 

R. P. 
B. L. 
R. F. 



12 5 ' 
8 4" 

2 torpedo tubes. 

3 1-pdr. R. P. guns. 

3 18 in. Whiteheads. 

4 13 " B. L. rifles. 
4 8 

14 5 " R. F. guns, 
do. 

6 4' 

1 -3 18 " Whiteheads. 
4 1-pdr. R. F. guns. 



Note 1. 
Note 2. 



To this list must be added the four completed monitors of the Miantonomoh type, and the Puritan. 
Where not specified as deck armor the dimensions relate to side and turret armor. 



they are certainly in many respects greatly superior. 
That is to say, size for size, they are faster, more heav- 
ily armed and armored, and better protected. The 
Massachusetts, as a battleship ; the Brooklyn, as an 
armored cruiser ; and the Minneapolis, as a protected 
cruiser, are relatively unmatched by anything afloat to- 
day. The following table shows the increase in fighting 
power of the individual ship in the past fifty years : 



Mississippi. 
Massachusetts 



Date. 



1846 
189B 



Dis- 
place- 

rent. 
Tons. 



3,220 
10,288 



Speed 
knots 



7*3 
16-15 



1 Maximum 
Weight of, penetration 
broadside. I through iron. 



none 
18 in. steel. 



324 lb. I 3 in. at 500 yds. 
5,724 lb. I 30 in. at 500 yds. 



Equally remarkable has been the improvement in 



engines and boilers ; indeed, it may safely be said that 
the development of the marine engine, both in the 
merchant marine and in the navy, has been the most 
potent factor in bringing the steam engine up to its 
present high standard of efficiency. The necessity of 
keeping down the size of war ships, coupled with the 
high speed required, and the all too scanty space allot- 
ted to engines and boilers, have led the marine engineer 
to bend every energy to the reduction of weight, and 
the increase of efficiency. What was merely desirable 
on land was absolutely imperative on the seas, and 
hence the marine engine has usually led the way in the 
improvement of steam machinery. The compound 
engine, with its higher pressures and wider range of 
expansion ; the triple and then quadruple expansion 
engine — a further advance upon the same line ; the 
larger use of steel in construction of engines and boil- 
ers ; the extended use of water tube boilers ; forced 
draught ; and many other advanced forms of steam 
engine practice, were early utilized and improved by 
the naval engineer. The accompanying illustration of 
the engines of the Powhatan, 1849, and the Ericsson, 
1891, for which we are indebted to the present Engineer- 
in-Chief of the Navy, George W. Melville, shows very 
graphically the decrease in bulk and the increase in 
power of the marine engine. While steam pressure has 
increased from 15 to 250 pounds, and the revolutions 
per minute from 14 in the paddle steamer to 412 in the 
screw steamer, the weight of machinery per horse 
power has decreased from 972 to 56 pounds ! 

The development of guns and armor during the past 
half century has fully kept pace with the advance in 
ships and engines. I n 1846 the guns were cast iron smooth 
bores, firing spherical projectiles at low velocities ; and 
for armor the ships relied upon great thickness of wood. 
The cast iron Columbiads ranged in size from the ! 
inch, 414 ton gun, to the 20 inch, 57J^ ton gun, the 
former throwing a 08 pound, the latter a 1,000 pound 
projectile. The year 1860 saw the commencement of 
the manufacture of the celebrated Parrott gun, which 
was destined to play such an important part in the 
war. In this gun were introduced the two elements of 
reinforcement and rifling, the body of the gun being of 
cast iron, with a wrought iron hoop shrunk on over the 
breech. They were very formidable weapons, an 8 inch 
rifle having, in 1865, thrown a 52J^ pound shell, 
with an initial velocity of 1,809 feet per second, 
thereby establishing a claim for the Parrott as " the 
most formidable service gun extant" at that time. 
After the war there was twenty years of stagnation, sim- 
ilar to that in the navy, in the matter of ordnance and 
coast defense, and in 1885, the brick and stone forts of 
1860-65, surmounted by antiquated smooth bores and 
Parrott rifles, were all the defense which the nation 
could offer in the event of attack by the powerful 
artillery of a foreign power. In that year a complete 
investigation of the defenseless condition of our va- 
rious seacoast cities was made by what is known as 
the Endicott Board, who reported that to put the 
coastline in a state of thorough defense would require 
the expenditure of about $100,000,000 for guns and 
forts. The recommendations of this board, modified t< 




THE KEARSARGE, 1896; SEA-GOING BATTLESHIP. 

Displacement, 11, 525 tons ; speed (proposed), 16 knots ; material of construction, steel ; type, superimposed turret and rapid-fire broadside ; armor, 9 inches to 17 inches, 
Harvev stool ; armament, four 18 Inch and four 8 inch breech -loading rifles ; fourteen 5 inch rapid-fire guns ; thirty smaller rapid-fire guns ; five torpedo tubes, 
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meet the present requirements, 
would call for the mounting of 
about 1,500 modern guns and mor- 
tars of from 8 inch to 16 inch cali- 
ber, and 360 rapid Are gv.ns. At the 
present writing New York, San 
Francisco and Boston have between 
them some 50 to 60 modern guns 
and mortars mounted in place ; and 
including the sum votedat the close 
of the Congress of 1895-96, about 20 
per cent of the necessary sum has 
been appropriated. The accompa- 
nying diagram of a modern United 
States 8 inch rifle may be taken as 
typical of the guns which will be 
mounted in the proposed system of 
coast defense. It is an all-steel, 
built-up hooped gun, with a breech- 
loading mechanism of special pat- 
tern, and great facility of manipu- 
lation. This comparative diagram, 
together with the comparative table 
of the 8 inch guns of the Missis- 
sippi and the Massachusetts, show 
the growth in size and power during 
fifty years. It is only during the 
past few years that the manufacture 
of modern armor has been under- 
taken in the United States, yet we 
have easily moved to the front place 
by the introduction of the Harvey 
system of face-hardened armor, by 
means of which the resisting power 
of a plate is increased some 50 per 
cent. Already our makers are fill- 
ing important orders for European 
navies, and the English Admiralty 
have adopted a modified form of the 
system in preference to any other for 
all ships now building and planned. 

FIFTY YEARS IN THE PRINTING 
BUSINESS. 
The far more general dissemina- 
tion of intelligence, the rapid and 
efficient means of intercommuni- 
cation between all parts of the 
world, with the cheapening and 
broadening of all educational facilities, constitute, 
perhaps, the most notable feature of the progress of 
the world during the past half century, and the one 
most vitally con- 
tributing to the 
success of all our 
great industries — 
the perfection and 
i n t r o d u ction of 
most of the 
world's great in- 
ventions. The 
printing press "has 
been the great dis- 
seminator of 
k n o w 1 e d ge, the 
cheap educator of 
the people. As a 
p r o m o t e r of its 
efficiency the elec- 
tric telegraph has 
performed most 
splendid service, 
finding therein its 
earliest efficient 
support, and an 
array of inventors 
have found a pro- 
fitable field in the 
numerous devices 
which contribute 
to the perfection 
of the printing 
press of to-day or 
add to its ability 
to most promptly 
and cheaply serve 
the largest num- 
ber of readers. In 
t-he development 
of the printing art 
in the United 
States the name of 
Franklin will ever 
be memorable, so 
that it is most fit- 
ting that we 
should illustrate 
Franklin's own 
press before re- 
viewing the great 
inventions which 
contributed so 
largely to the 
dissemination of 
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THE FRANKLIN HAND PRESS IN THE NATIONAL MUSEUM WASHINGTON 



cheap literature and which more properly belong to 
the epoch we are considering. 
The press shown in the engraving is what is known 



as a Ramage press, and it was used 
by Benjamin Franklin in London in 
1725. The press is constructed al- 
most entirely out of wood, though 
iron was subsequently used in many 
of the parts. On the clumsy frame 
the great statesman has left the 
marks of his inky fingers. It is now 
in the National Museum, at Wash- 
ington. In the early part of the 
present century Earl Stanhope in- 
vented a press made entirely of iron, 
the frame being cast in a single 
piece. The power was applied by 
a combination toggle joint and lever. 
The Columbian press was invented 
by a Philadelphian in 1817. The 
power was applied by a compound 
lever. In 1829 the Washington press 
of Samuel Rust was introduced, and 
many improvements were intro- 
duced in inking, and later a self- 
inking device was invented. The 
first power press produced in Ame- 
rica was that of Daniel Treadwell, 
of Boston, in 1822. The Adams 
press was invented in 1830, and has 
superseded all other platen presses, 
the impression being given by rais- 
ing the bed upon which the form 
rests against a stationary platen. 
The first attempt to make a rotary 
press was that of Friedrich Konig, 
in 1814. In this the type move** 
horizontally, and it could give 1,80k 
impressions per hour. 

The first great step toward facili- 
tating the rapid and cheap produc- 
tion of the modern newspaper was 
made by Col. Robert Hoe, of New 
York, about 1840, when the first of 
the type-revolving presses w as built. 
At about the same time a type- 
revolving press on materially dif- 
ferent lines, the Applegath ma- 
chine, was brought into practical 
use in England. This machine 
was first employed by the London 
Times in 1848. In the Applegath 
machine the typeholding cylinder revolved on vertical 
axes, and the machine could print about 12,000 single 
sheets on one side in an hour. In the Hoe machine the 

type cylinder re- 




EIGHT CYLINDER HOE PRESS OF 1850 USED IN PRINTING THE NEW YORK SUN 

Capacity, 20,000 per hour. Reproduced from an early print in the SCIENTIFIC AMERICAN, 



volved on a hori- 
zontal axis. This 
arrangement for 
feeding the sheets 
was more simple, 
and the capacity 
of the press varied 
according to the 
number of impres- 
sion cylinders ar- 
ranged around the 
type cylinder, 
these presses be- 
ing successively 
made with four, 
six, eight, and ten 
impression cylin- 
ders, respectively. 
A f o u r-cylinder 
press of this kind 
was built for the 
Philadelphia Led- 
ger in 1845. The 
first eight-cylin- 
der press way 
built for the New 
York Sun in 1850, 
and the first ten- 
cylinder press for 
the New York 
Herald in 1857. 
Our engraving 
shows the eight 
cylinder Hoe press 
of 1850 as furnish- 
ed to the New 
York Sun office. 
The average ca- 
pacity of the 
presses was 2,000 
single sheets per 
hour per cylinder, 
or 20,000 sheets per 
hour, on one side, 
on the largest 
press, the ten-cyl- 
inder. These 
presses were 37 
feet long, 18 feet 
high, and 21 feet 
wide, and were 
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beautiful pieces of mechanism to look at in full opera- 
tion, as all their working parts could be seen to ad- 
vantage, the ten feeders, five on each side, supplying 
the sheets, which traveled on tapes to and around an 
impression cylinder, the latter pressing the paper 
against the inked type, which was held on the large 
central revolving cylinder. Between each two impres- 
sion cylinders the type passed under inking rollers, and 
the paper printed upon was passed back by tapes to 
delivery boards, each revolution of the main cylinder 
of the ten-cylinder press thus printing ten separate 
sheets of paper. 

The great advance thus effected upon all previous 
means of fast newspaper printing was deemed one of 
the highest triumphs of mechanical genius during the 
decade from 1850 to 1860, but this success was entirely 
along the lines established by the presses at work in 
1845. Still faster work was, however, imperatively de- 
manded, to meet the enormous increase in the public 
demand for newspapers, which publishers were enabled 



passing through the press. In its largest size, the octu- 
ple machine, of which but one has yet been placed in 
operation, this press prints, folds, and counts 96,000 
complete eight-page papers per hour, or 48,000 sixteen- 
page papers, the size of the page being that of the ordi- 
nary daily newspaper. The press has eight plate or 
impression cylinders, there being eight stereotype plates 
or pages on each cylinder, and the paper of double 
width is fed from four independent rolls, 73 inches wide, 
one side being printed upon as the paper passes over 
the set of stereotype pages on one cylinder and the 
other side being printed upon as it passes over the 
plates of another cylinder. The paper rushes through 
the cylinders at a speed of thirty-two and one-half 
miles an hour, the several sheets being separated and 
folded, and passed out of the press with accuracy and 
precision. The entire work is automatically performed, 
after the press is once started, but it requires the active 
labor of ten men and boys to operate it and to remove 
the folded sheets as fast as they are printed. 



Adams press was, until a much later period, considered 
the most excellent of all presses for book work. It had 
a flat bed and platen, the impression was even and the 
distribution of the ink most perfect, but its speed was 
only about 1,000 impressions an hour. There are now 
less than ten manufacturers of printing presses in 
the United States, making the presses commonly used 
in book and job printing offices, and for newspapers 
having but a limited circulation. In these presses the 
type forms are placed on a flat bed which reciprocates 
under a cylinder around which the paper is carried to 
receive its impression, this style of press allowing for 
the most even inking of the forms as they pass un- 
der horizontally arranged rollers. Among presses of 
this description which were early in the field, and have 
attained a wide use, have been, besides the presses made 
by R. Hoe & Company, the A. B. Taylor, the Campbell, 
the Cottrell, the Potter and the Babcock. An objec- 
tion to the use of these presses for book work was at 
first found in the fact that the stereotype plates were 




THE HOE OCTUPLE PRESS OF THE NEW YORK WORLD. 

Capacity, 96,000 per hour, or 1,600 every minute. The paper travels through the press at the rate of 32)^ miles an hour. The paper is printed, pasted, cut, folded, 

and counted automatically. 



more easily to furnish at reduced prices, when the sub- 
stitution of wood pulp for rags had greatly lessened the 
cost of paper. But it is of primary importance to note, in 
connection with the next great advance in fast printing, 
that all promptly issued editions of newspapers, prior 
to 1860, were printed from the type forms direct. To 
make stereotype plates with sufficient expedition for 
the requirements of newspaper work had not, before 
that time, been considered practicable, but this diffi- 
culty was removed in 1861 by the employment of a 
steam bed to dry a novel style of papier mache matrix, 
or mould, which could be conveniently used for making 
stereotype reproductions of the type pages, in the form 
of plates to fit around cylinders. At first it required 
half an hour to make a single plate, but now a plate is 
made in about seven minutes, and half a dozen dupli- 
cates of the same plate can be made in fifteen minutes. 
This made possible the modern " perfecting " press, so 
called because both sides of the paper are printed in 



We illustrate one of these presses, which is now in 
operation in the printing room of the New York World. 
| The two others will also be placed in position as soon as 
completed. The presses are 14 feet high and 25 feet 
long. The machine delivers the papers counted out in 
bundles of twenty-five. When all three presses are in- 
stalled, they will be able to print each hour 748,000 
eight-page sheets, or an equivalent of an output of 
over 42 tons of printed matter per hour. 

Besides, however, the improvements which have been 
made to facilitate the printing of the daily newspaper, 
there has been equally marked progress during the past 
fifty years in bettering the appliances for the printing 
of books, magazines, and illustrated newspapers. In 
1837, Messrs. Harper & Brother, the great New York 
publishers, had in use thirty-seven hand presses and 
but one machine press, and between 1840 and 1855 two 
kinds of presses had almost the exclusive sale in the 
American market, the Adams and the Hoe. The 



liable to be broken by the great pressure brought to 
bear upon them by the impression cylinder, but this 
objection was overcome by the introduction, about 
1850, of electrotyping, whereby much better and 
stronger plates could be made. 

In noting the great size of the newspaper of the 
present day, the large amount of reading matter daily 
presented, one other agency has also had a most im- 
portant influence, namely, the typesetting machine. 
It is probable that in no other line of effort have so 
many inventors labored as in that of making an effi- 
cient typesetting machine, and so far has success been 
attained that in most of the large newspaper offices of 
the country typesetting machines are now employed. 
Among such machines may be mentioned the Alden, 
the Thorne, the Paige, the McMillan, the Rogers, and 
the Mergenthaler. The latter sets and casts type lines, 
and was fully illustrated and described in the Scien- 
tific American of January 13, 1894. 
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THE PRIZE ESSAY OF OUR SEMICENTENNIAL 
ANNIVERSARY NUMBER. 

We take much pleasure in announcing that the win- 
ning essay in our prize competition on the subject of the 
progress of invention during the past fifty years was 
written by Mr. Edward W. Byrn, of Wasnington, D. C. 

The names of the writers of the five next best essays, 
to be published in subsequent issues of the Scientific 
American Supplement, are as follows : Edmund 
Becker, Washington, D. C. ; George M. Hopkins, 
Brooklyn, N. Y. ; Gardner D. Hiscox, New York City; 
Frederic de Garis, Patchogue, Long Island, and A. M. 
Parlow, Barlow, Ohio. 

When our readers learn that the successful essay 
was closely pressed for first place by many of its com- 
petitors, they will understand that the competition, 
taken as a whole, was of an exceptionally high order. 
As compared with the half dozen essays which head 
the list, the balance of the manuscripts are rated by the 
judges at a high standard, and we may say that there 
are few that lapse into mere mediocrity. 

This result is particularly creditable to the competi- 
tors, and especially so, when we bear in mind the 
great breadth of the subject and the amount of care- 
ful research that was necessary to its ample but dis- 
criminating treatment. We were guided in our selec- 
tion of this subject as much by the fact that to handle 
it successfully would involve many hours of careful 
preliminary reading, as by the fact that it was specially 
appropriate to a semi-centennial number. The result 
has fully justified our expectations, and our readers 
will find that the winning essay, which we publish 
in the adjoining columns, and those which will follow 
in consecutive numbers of the Scientific American 
Supplement, bear the internal evidence of careful and 
systematic research. 

The presence of college students among the competi- 
tors calls for mention of the fact that the proximity of 
the summer examinations has shut out many college 
men from this competition ; and the efforts of those who 
did send in their essays call for a word of special re- 
cognition. 

It is an interesting fact, worthy of record here, that 
the interest in the competition was not confined to 
America, but that it brought some excellent MSS. to 
this office from different quarters of the globe. Any 
further discussion of the merits of the essays can best 
be given in the words of Judge A. P. Greeley, of the Pa- 
tent Office, Washington, who, in forwarding his report, 
says : " Many of those which I have placed somewhat 
low on the list are of decided merit, and only fail of 
higher rating because of failure to cover the broad field 
of invention. Some of them show a remarkably full 
and accurate knowledge on particular lines, without 
the broad grasp of the whole field. 

. " I have been much interested in these essays. 
They evidence a widespread knowledge and ap- 
preciation of the progress that has been made in the 
last fifty years. It has been by no means easy to deter- 
mine the best one of the half dozen or more at the top 
of the list; but the selection I have made is the result 
of careful consideration, and is my best judgment in 
the matter." 

The result of the vote on the question as to what in- 
vention introduced during the past fifty years has con- 
ferred the greatest benefit upon mankind places 
Bessemer Steel in the place of honor. Then come the 
Telephone and the Telegraph — though we think the 
relative order of these two should more justly be in- 
verted. Following these come the Sewing Machine, 
the Reaper, the Electric Light, the Electric Motor, 
the Bicycle, the Grain Binder and the Westinghouse 
Air Brake. There were several miscellaneous votes, 
which we cannot give in detail ; but our readers will 
pardon our mentioning with all modesty that not a 
few correspondents wrote that the Scientific Ameri- 
can has conferred the greatest benefit upon mankind. 
While we cannot agree with this opinion, we appreciate 
highly the kind feeling which prompts the sentiment. 
In the course of the past fifty years expressions of 
good will like this have been by no means infrequent ; 
and we enter upon the second half century of our 
journalistic life with the confidence that these cordial 
relations between ourselves and our subscribers will 
strengthen as the years go by. 

Our cordial thanks are due to Judge A. P. Greeley, 
of the Patent Office, Washington ; Prof. R. H. Thurs- 
ton, of Cornell University ; and Prof. R. S. Wood- 
ward, of Columbia University, for the valuable ser- 
vice they have rendered in acting as a jury in the 
above competition. It would be difficult to find three 
gentlemen whose time is more fully occupied ; and 
that they should have taken in hand just now a mat- 
ter involving so much careful attention places both 
ourselves and our readers under a debt of obligation 
which we take this opportunity to acknowledge. 



S250 PRIZE ESSAY COMPETITION. 
THE AWARD. 

Editor Scientific American : 

Dear Sir : Having completed our examination of the 
essays on the subject of " The Progress of Invention 
During the Past Fifty Years," we beg to announce that 
the essay receiving the highest average rating was writ- 
ten by "Beta," who, on opening the sealed envelope 
accompanying the manuscript, was found to be Mr. 
Edward W. Byrn, of Washington, D. C. To him, 
therefore, the prize of $250 should be awarded. The 
names and addresses of the five authors receiving the 
next highest average ratings are given in order below. 
It remains only to add that each member of the com- 
mittee examined the essays independently, marking 
them on a scale of 100, and that the average of the three 
independent ratings was taken in each case for the final 
rating of an essay. 
" Liberty," Edmund Becker, office of Lighthouse 

Board, Treasury Department, Washington, D. C. 
"Investigator," George M. Hopkins, Brooklyn, N. Y. 
"Semper Fidelis," Gardner D. Hiscox, N. Y. City. 
" Verbum Sap. Ill," Frederic de Garis, Patchogue, 

Long Island, N. Y. 
"A. Malcom," A. M. Farlow, Barlow, O. 
Very truly yours, 

R. H. Thurston, Cornell University. 

A. P. Greeley, U. S. Patent Office. 

R. S. Woodward, Columbia Univ. 

Committee. 



THE PROGRESS OF INVENTION DURING THE PAST 
FIFTY YEARS. 

PRIZE ESSAY BY u BETA " (EDWARD W. BYRN, A.M.) 

If the life of man be threescore years and ten, fifty 
years will about mark the span of ripe manhood's busy 
labor, and the sage of to-day, turning back the pages 
of memory, may, as the times pass in review, enjoy the 
rare privilege of personal observation of, direct contact 
with, and positive knowledge concerning the events of 
this prolific period. To him what a vista it must pre- 
sent ; what a convergence of the perspective ; for the 
past fifty years represents an epoch of invention and 
progress unique in the history of the world. It is some- 
thing more than a merely normal growth or natural de- 
velopment. It has been a gigantic tidal wave of human 
ingenuity and resource, so stupendous in its magnitude, 
so complex in its diversity, so profound in its thought, 
so fruitful in its wealth, so beneficent in its results, that 
the mind is strained and embarrassed in its effort to ex- 
pand to a full appreciation of it. Indeed, the period 
seems a grand climax of discovery, rather than an in- 
crement of growth. It has been a splendid, brilliant 
campaign of brains and energy, rising to the highest 
achievement amid the most fertile resources, and con- 
ducted by the strongest and best equipment of modern 
thought and modern strength. 

The great works of the ancients are in the main mere 
monuments of the patient manual labor of myriads of 
workers, and can only rank with the buildings of 
the diatom and coral insect. Not so with modern 
achievement. This last half century has been pecu- 
liarly an age of ideas and conservation of energy, ma- 
terialized in practical embodiment as labor-saving 
inventions, often the product of a single mind, and 
partaking of the sacred quality of creation. 

The old word of creation is, that God breathed into 
the clay the breath of life. In the new world of in- 
vention mind has breathed into matter, and a new and 
expanding creation unfolds itself. The speculative 
philosophy of the past is but a too empty consolation 
for short-lived, busy man, and, seeing with the eye of 
science the possibilities of matter, he has touched it 
with the divine breath of thought and made a new 
world. 

It is so easy to lose sight of the wonderful, when once 
familiar with it, that we usually fail to give the full 
measure of positive appreciation to the great things of 
this great age. They burst upon our vision at first like 
flashing meteors ; we marvel at them for a little while, 
and then we accept them as facts, which soon become 
so commonplace and so fused into the common life as 
to be only noticed by their omission. 

Perhaps, then, it will serve a better purpose to con- 
trast the present conditions with those existing fifty 
years ago. Reverse the engine of progress, and let us 
run fifty years into the past, and practically we have 
taken from us the telegraph, the sewing machine, the 
bicycle, the reaper and vulcanized rubber goods. We 
see no telephone, no cable nor electric railways, no elec- 
tric light, no photo-engraving, no photo-lithographing 
nor snapshot camera, no gas engine, no web perfecting 
printing press, no practical woodworking machinery 
nor great furniture stores, no passenger elevator, no as- 
phalt pavement, no steam fire engine, no triple expan- 
sion steam engine, no Giffard injector, no celluloid, no 
barbed wire fence, no time lock for safes, no self-bind- 
ing harvester, no oil nor gas wells, no ice machines nor 
cold storage. We lose the phonograph and graphophone, 
air engines, stem winding watches, cash registers and 
cash carriers, the great suspension bridges, iron frame 
buildings, monitors and heavy ironclads, revolvers, 
torpedoes, magazine guns and Gatling guns, linotype 
machines, all practical typewriters, all pasteurizing, 



knowledge of microbes or disease germs, and sanitary 
plumbing, water gas, soda water fountains, air brakes, 
coal tar dyes and medicines, nitro-glycerine, dynamite 
and guncotton, dynamo electric machines, aluminum 
ware, electric locomotives, Bessemer steel, with its won- 
derful developments, ocean cables, etc. The negative 
conditions of that period extend into such an appalling 
void that we stop short, shrinking from the thought of 
what it would mean to modern civilization to eliminate 
from its life these potent factors of its existence. 

As the issue of patents in this country is based upon 
novelty, it will aid us in the effort to appreciate this 
great movement to note the increase of United States 
patents in the past fifty years. Beginning in 1846, and 
dividing the time into periods of five years, the increase 
is shown most graphically in the scaled diagram No. 1. 
If the growth of United States patents and the pro- 
gress of the last half century can be taken as fairly cor- 
related, what an insignificant thing is the little atten- 
uated triangle back of 1846 compared with the swelling 
curves of the later period ! It is probably safe to say 
that fully nine- tenths of all the material riches and 
physical comforts of to-day have grown into existence 
in the past fifty years. 

It is interesting to observe how closely the grant of 
patents and the prosperity of the country are related. 
Referring to scaled diagram No. 2, the zigzag line marks 
the increase or decrease in the patents issued from year 
to year. We note the depression of the civil war, fol- 
lowed by the rapid reaction and growth of reconstruc- 
tion. Again, the depression caused by the financial 
panic of 1873, and again in 1876, the unsettled and dan- 
gerous condition of politics incident to the contested 
presidential election. This was followed by another 
wave of prosperity, indented with depressions in the 
presidential election years, while the stringency of the 
times from 1890 to 1894 shows a marked influence in the 
corresponding depression in the line, all of which indi- 
cates a most sympathetic relation. 

Passing now to the chronological development of the 
period, Morse had just harnessed the most elusive steed 
of all Nature's forces, and put it in the permanent ser- 
vice of man; when nitro-glycerine, discovered by So- 
brero, in 1846, for the first time lent its terrible empha- 
sis, and seemed to bring an awakening of the dormant 
genius of man. 

Within the first decade (1846-1856) came the sewing 
machine, Bain's chemical telegraph, the Suez Canal, 
the House printing telegraph, the McCormick reaper, 
the discovery of the planet Neptune, the Corliss engine, 
the collodion and dry plate processes in photography, 
the Ruhmkorff coil, the Bass time lock for safes, the 
electric fire alarm of Channing & Farmer, Gintle's du- 
plex telegraph, the sleeping car of Woodruff, Wilson's 
four-motioned feed for the sewing machine, Ericsson's 
hot air engine, the Niagara suspension bridge, and the 
building of the Great Eastern. 

The next decade (1856-1866) brought with it the At- 
lantic cable, the discovery of the aniline dyes by Per- 
kin, the making of paper pulp from wood, the discovery 
of coal oil in the United States, the invention of the 
circular knitting machine, the Giffard injector, for sup- 
plying feed water to steam boilers; the discovery of 
caesium, rubidium, indium and thallium; the McKay 
shoe sewing machine, Ericsson's ironclad monitor, No- 
bel's explosive gelatine, the Whitehead torpedo, and 
the first embodiment of the fundamental principles of 
the dynamo electric generator by Hjorth, of Den- 
mark. 

The next decade (1866-1876) marks the beginning of 
the most remarkable period of activity and develop- 
ment in the history of the world. The perfection of 
the dynamo, and its twin brother the electric motor, by 
Wilde, Siemens, Wheatstone, Varley, Farmer, Gramme, 
Brush, Weston, Edison, Thomson, and others, soon 
brought the great development of the electric light and 
electric railways. Then appeared the Bessemer process 
of making steel ; dynamite ; the St. Louis bridge ; the 
Westinghouse air brake ; and the middlings purifying 
and roller processes in milling. That great chemist and 
probably greatest public benefactor, Louis Pasteur, 
added his work to this period ; the Gatling gun ap- 
peared ; great developments were made in ice machines 
and cold storage equipments ; machines for making 
barbed wire fences ; compressed air rock drills and the 
Mont Cenis tunnel ; pressed glassware ; Stearns duplex 
telegraph, and Edison's quadruplex ; the cable car sys- 
tem of Hallidie, and the Janney car coupler ; the self- 
binding reaper and harvester ; the tempering of steel 
wire and springs by electricity ; the Lowe process for 
making water gas ; cash carriers for stores ; and ma- 
chines for making tin cans. 

With the next decade (1876-1886) there arose a star of 
the first magnitude in the constellation of inventions. 
The railway and telegraph had already made all people 
near neighbors, but it remained for the Bell telephone 
to establish the close kinship of one great talkative 
family, in constant intercourse, the tiny wire, sentient 
and responsive to the familiar voice, transmitting the 
message with tone and accent unchanged by the thou- 
sands of miles of distance between. Then come in or- 
der the hydraulic dredges, and Mississippi jetties of 
Eads ; the Jablochkoff electric candle ; photography by 
electric light ; the cigarette machine ; the Otto gas en- 
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gine; the great improvement and development of the 
typewriter ; the casting of chilled car wheels ; the Birk- 
enhead and Rabbeth spinning spindles ; and enameled 
sheet iron ware for the kitchen. Next the phonograph 
of Edison appears, literally speaking for itself, and re- 
producing human speech and all sounds with startling 
fidelity. Who can tell what stores of interesting and 
instructive knowledge would be in our possession if the 
phonograph had appeared in the ages of the past, and 
its records had been preserved. 

The voices of our dead ancestors, of Demosthenes 
and Cicero, and even of Christ himself speaking as 
he spake unto the multitude, would be an enduring 
reality and a precious legacy. In this decade we also 
find the first electric railway operated in Berlin ; the 
development of the storage battery ; welding metals by 
electricity; passenger elevators ; the construction of the 
Brooklyn bridge ; the synthetic production of many 



the web perfecting printing press, the typewriter, the 
modern bicycle, and the cash register is beyond enu- 
meration or adequate comment. 

Looking at this campaign of progress from an an- 
thropological and geographical standpoint, it is inter- 
esting to note who are its agents and what its scene of 
action. It will be found that almost entirely the field 
lies in a little belt of the civilized world between the 
30th and 50th parallels of latitude of the western hemi- 
sphere and between the 40th and 60th parallels of the 
western part of the eastern hemisphere, and the work 
of a relatively small number of the Caucasian race 
under the benign influences of a Christian civilization. 

Remembering, furthermore, that most of this great 
development is of American authorship, does it not 
appear plain that all this marvelous growth has some 
correlation that teaches an important lesson ? Why 
should this mighty wave of civilization set in at such a 
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useful medicines, dyes, and antiseptics, from the coal- 
tar products ; and the Cowles process for manufactur-. 
ing aluminum. 

In the last decade (1886-1896) inventions in such great 
numbers and yet of such importance have appeared 
that selection seems impossible without doing injustice 
to the others. The graphophone ; the Pullman and 
Wagner railway cars and vestibuled trains ; the Harvey 
process of annealing armor plates ; artificial silk from 
pyroxyline ; automobile or horseless carriages ; the 
Zalinski dynamite gun ; the Mergenthaler linotype 
machine, moulding and setting its own type, a whole 
line at a time, and doing the work of four compositors ; 
the Welsbach gas burner ; the Krag-Jorgensen rifle ; 
Prof. Langley's aerodrome ; the manufacture of acety- 
lene gas from calcium carbide ; the discovery of argon ; 
the application of the cathode rays in photography by 
Roentgen ; Edison's fluoroscope for seeing with the 
cathode rays ; Tesla's discoveries in electricity, and the 
kinetoscope, are some of the modern inventions which 
still interest and engage the attention of the world, 
while the great development in photography, and of 



their fruitful and potent knowledge of bacteria and 
cell growth. With telescope and spectroscope he has 
climbed into limitless space above, and defined the size, 
distance and constitution of a star millions of miles 
away. The lightning is made his swift messenger, and 
thought flashes in submarine depths around the world, 
the voice travels faster than the wind, dead matter is 
made to speak, the invisible has been revealed, the 
powers of Niagara are harnessed to do his will, and 
all of Nature's forces have been made his constant ser- 
vants in attendance. We witness a new heaven and a 
new earth, contemplation of which becomes oppressive 
with the magnitude and grandeur of the spectacle, 
and involuntarily we find ourselves asking the ques- 
tion, "Is it all done? Is the work finished? Is the 
field of invention exhausted ?" It does seem that it is 
quite impossible to again equal the great inventions of 
this wonderfully prolific epoch; but as these great in- 
ventions, which now seem commonplace to us, would 
have seemed quite impossible to our ancestors, we may 
indulge the hope of future possibilities beyond any 
present conception, but onward and upward in the 
great evolution of human destiny. 

Rejoicing in our strength and capabilities, the new 
light of man's power and destiny breaks more clearly 
over us, and content with the infinite quality of mind 
and matter, the teachings of philosophy, and the facts 
of evolution, we rest in the assurance of positive know- 
ledge that all that has been done in the past is merely 
preliminary, that human ingenuity knows no limit, and 
so long as man himself remains hedged about with the 
limitations of mortality and the conditions of growth, 
so long will his strivings and attainments be infinite. 

Beta. 



recent period, and more notably in our own land, 
when there have been so many nations far in advance 
of us in point of age ? The answer is to be found in 
the beneficent institutions of our comparatively new 
and free country, whose laws have been made to justly 
regard the inventor as a public benefactor, and the 
wisdom of which policy is demonstrated by the growth 
of this period, amply proving that invention and civ- 
ilization stand correlated — invention the cause and 
civilization the effect. 

This retrospect, necessarily cursory and superficial, 
brings to view sufficient of the great inventions as 
milestones on the great roadway of progress to inspire 
us with emotions of wonder and admiration at the 
resourceful and dominant spirit of man. Delving into 
the secret recesses of the earth, he has tapped the hid- 
den supplies of Nature's fuel, has invaded her treasure 
house of gold and silver, robbed Mother Earth of her 
hoarded stores, and possessed himself of her family 
record, finding on the pages of geology sixty millions 
of years existence. Peering into the invisible little 
world, the infinite secrets of microcosm have yielded 



STEEL. 

The term steel signifies iron containing a small per- 
centage of carbon, and in modern times the term has 
become extended so as to indicate iron containing an 
almost infinitesimal amount of carbon, provided the 
metal is produced by the open hearth or Bessemer pro- 
cess. In the early ages of the world meteoric iron, a 
close representative of modern nickel steel, was used by 
the ancients. The art of producing iron in the primitive 
fining hearth, analogous to a blacksmith's forge, goes 
back to an early date. Then the blast furnace was in- 
vented, and "ast iron, containing a larger percentage of 
carbon than steel contains, was produced. In the in- 
tense heat of the blast furnace, with its prolonged con- 
tact with the fuel and gases of combustion, the iron 
absorbed over two per cent of carbon. Such iron is 
termed cast iron. 

With the exception of some special processes, the 
majority of steel in early days was produced from 
wrought iron. The latter was made from cast iron by 
the puddling process. The cast iron in the form of 
pigs was melted on the hearth of a reverberatory fur- 
nace in contact with iron cinder and iron ore, accom- 
panied by constant stirring of the melted metal. The 
carbon was gradually oxidized, and wrought iron quite 
free from carbon was produced. This, after being 
worked down into shape by hammers and rolls, was 
inclosed in cases with shavings of horn and similar 
material and heated to a high heat for many hours. 
The metal absorbed carbon for the second time, and 
when removed from the boxes showed a blistered sur- 
face, and was termed blister steel. It was worked over 
to produce spring steel and shear steel, or was broken 
into pieces and melted in crucibles to produce cast steel, 
the crucibles holding from thirty to fifty pounds of steel. 

Puddling involved a constant stirring and working of 
the metal with a pokerlike tool termed a rabble. This 
seemed to involve much labor, and many attempts 
were made to get rid of it. Various forms of mechani- 
cal puddling machines were manufactured, anti about 
1870 a great deal of attention was attracted by the 
American Danks rotary puddling furnace, the proof of 
which is given in the fact that it was elaborately exam- 
ined in 1871 by a committee of English iron masters, who 
actually imported 40 tons of pig iron from England to 
test it with. This is cited to show the importance at- 
tached at so late a period to the old puddling process. 
It seemed obvious that, by puddling cast iron to a point 
when a portion of the carbon only was removed, steel 
might be directly produced ; and the iron and steel world 
of the later sixties was intensely interested in the 
production of puddled steel, which then offered the 
only prospect of producing steel in large units. Many 
minor inventions were made in the production of steel 
until the world was ready to receive the monumental 
one, termed the " Bessemer process." 

Sir Henry Bessemer early began his experiments on 
the production of steel from pig iron by the use of an 
air blast. His work was done principally in the fifties, 
and as evolved and developed by constant experiment, 
it took the shape of the following steps : Cast iron was 
melted in a cupolaor a reverberatory furnace, and then 
was run into a vessel near whose bottom or in whose 
bottom were a number of blow holes, and through 
which, before the introduction of the metal, a blast 
under heavy pressure was maintained. The hot iron 
was run in, and as the blast was forced through it, its 
carbon and silicon were burned out and its tempera- 
ture rose enormously, the carbon and silicon of the 
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iron forming the fuel. The original idea was to with- 
draw the metal when the carbon was sufficiently re- 
duced. This, however, proved impracticable, except 
with exceedingly pure iron, although this process has 
been successfully carried on for many years in Sweden. 
The least trace of phosphorus impaired the quality of 
the steel very greatly, and eventually the system was 
adopted of blowing the metal to the complete exhaus- 
tion of the carbon and of then adding a weighed quan- 
tity of ferro-manganese or of spiegeleisen, which were 
practically cast irons containing a large portion of 
manganese and carbon. By varying the proportions of 
these materials added, steel of any required percentage 
of carbon could be produced. As the Bessemer pro- 
cess gradually came into use, it was seen that the 
manufacture of steel was revolutionized. It was intro- 
duced into this country, and Holley, newspaper report- 
er, mechanical engineer, and metallurgist, found it a 
fertile subject for his genius, and developed the mechan- 
ical features of the process by the introduction of the 
most perfect hydraulic machinery for operating it. 
The converter in which the metal is treated is now an 
egg-shaped vessel, mounted on trunnions, and of size to 
treat at once from one to fifteen tons of melted iron. 
Its bottom is full of holes for the blast. It is turned 
down on its side to receive the charge, the blast is 
turned on, and it is brought into an upright position 
for the blow. As the air passes through the melted 
iron contained in it, a vivid flame issues from its 
mouth, and the carbon and silicon are burned out of 
the iron. It is next turned down to receive the 
carbonizing charge of ferro-manganese or spiegeleisen, 
and the effect of any phosphorus present is partly 
overcome by the manganese thus added. The steel, 
which is as "quid as water under the intense heat, 
is poured ini,o moulds, and by hammer and roll is 
worked into any desired shape. The old steel pro- 
cesses treated steel in units of a few pounds weight. 
The Bessemer process increased the units to many tons. 

Something still was wanting ; very pure iron had to 
be used, phosphorus being ruinous. In 1878, only 
seven years after the visit of the English metallurgists 
to America to examine the Danks puddling furnace, an 
announcement was made by a young man, Mr. Sidney 
Gilchrist Thomas, who stated that by the use of lime 
he had succeeded in reducing the phosphorus in the 
Bessemer steel process. After exhaustive experiments 
the following basic Bessemer process, as it is termed, was 
evolved, Thomas being associated in the work with his 
cousin Gilchrist. The Bessemer converter was lined 
with special bricks consisting largely of lime and of 
magnesia. After being heated up by a coke Are, a 
quantity of lime was thrown into the converter and was 
further heated. 

The charge of iron was then introduced and the blow 
given with a period of some minutes of after-blow or of 
blast after the carbon was all gone. Spiegeleisen or 
ferro-manganese was added to give the carbon and the 
metal was poured. The effect of the after-blow in the 
presence of the basic material removed the phosphorus 
almost entirely and proved the greatest advance yet 
made in the Bessemer process. This brings us down to 
recent times. Incidentally it may be mentioned that 
the slag produced in this process is so rich in phos- 
phoric acid that it is used to an enormous extent as a 
fertilizer. 

In 1856 Sir William Siemens explained a steam engine 
of his invention to the Royal Institution, an invention 
representing ten years of experimental researches. It 
was an attempt to apply the regenerative system for 
saving heat. It was found to be without practical 
utility, because the high heat destroyed the machinery. 
A year later his brother Frederick suggested the em- 
ployment of the system in a furnace. The hint was 
sufficient. Extensive experiments were at once begun 
and the Siemens regenerative furnace was the result. 
It was practically perfected about 1860, and Michael 
Faraday's last lecture in 1862 was devoted to it. In 
the Siemens furnace the fuel is burned in a gas pro- 
ducer. By the admission of insufficient air for com- 
plete combustion, a combustible gas, termed producer 
gas, is produced. The gas is admitted to the hearth 
of the furnace and burned there with heated air, the 
gas also being heated on the way to the furnace. 

The essence of the Siemens invention lies in the way 
in which this heating is effected. The gas from the 
producer and the air for its combustion are caused to 
pass through chambers filled with intensely heated fire 
brick piled up loosely. The products of combustion be- 
fore they leave the furnace pass through two other 
such chambers, thereby heating them. At short inter- 
vals, by the manipulation of valves, the course of the 
gas and of the air is changed, so that the products of 
combustion go through the chambers which have just 
been utilized for heating, thereby bringing them up again 
to a higher temperature, while the chambers already 
heated are used for the passage of the gas and air. By 
this process a sort of cumulative effect is produced. A 
most intense heat can be developed, and the economy 
effected is very large. Applications of the Siemens or 
open hearth furnace to making steel at once became ob- 
vious. By the Martin process, pig iron and wrought iron 
were melted together on the hearth, producing a steel of 
any desired percentage of carbon; by the Siemens process 



pig iron and iron oxide are used to produce steel on the 
open hearth, and in the Siemens-Martin process both 
methods are combined. The product of this operation 
is the famous open hearth steel. 

The tendency of the present day is to produce open 
hearth and Bessemer steel of low carbon percentage, 
the metal from the chemist's standpoint being rather 
wrought iron than steel. It is produced in enormous 
quantities and the great ships and buildings of our days, 
the age of steel, are due to four great inventions of which 
three belong to the last half century. The hot blast 
for blast furnaces, invented in 1828 by James Neilson, 
doubled the output of the blast furnace without any 
extra fuel ; in 1855 the Bessemer process was announced 
and the second of the inventions began to be applied ; 
seven years later, or 1862, may be taken as giving the 
date of the third invention, the Siemens furnace ; and 
the fourth invention, which we have placed in 1880, is 
the Gilchrist-Thomas or basic process of making steel 
from iron containing phosphorus. All other inventions 
in the metallurgy of iron and steel, ingenious as they 
were, practical as they were thought to be, with all 
their promise of great usefulness, sink into comparative 
obscurity when compared with these four epoch-mak- 
ing inventions which have so inconceivably modified 
our everyday life. 



DISTINGUISHED INVENTORS. 

Samuel Finley Breese Morse, the American artist, 
and the inventor of the electric telegraph, was the son 
of an American geographer ; he was born at Charles- 
town, Mass., in 1791, and died in New York, April 2, 
1872. In 1810 he graduated from Yale College, and in 
1811 went to England with Washington Allston to 
study art under Benjamin West. In 1815 he returned 
to the United States, and in 1826 he was chosen as the 
first president of the National Academy of Design, 
which he was instrumental in founding. He was very 
fond of discussing electrical matters with his friend 
Prof. J. Freeman Dana ; and while on a voyage from 
Havre to the United States in 1832, Morse conceived 
the idea of making not only an electric telegraph, but 
also an electro-magnetic and chemical recording tele- 
graph, substantially as it now exists. Morse made some 
drawings on the steamer, which he afterward elabo- 
rated, but it was not until 1835 that he first exhibited a 
telegraph in operation, when he put a half mile of wire 
in coils around a room. In 1837 he filed a caveat in the 
Patent Office and also exhibited his new system in the 
University of New York. He asked Congress for aid to 
build a line from Baltimore to Washington, but noth- 
ing resulted. He went to England, where a patent was 
refused him. His French patent was worthless. It 
was not until March 4, 1843, that Congress finally 
granted $30,000 for his trial line. In 1844 the work was 
completed and Morse was able to show the practica- 
bility of his system of electro-magnetic telegraph. His 
patents were promptly infringed, and he was quickly 
engaged in an interminable succession of patent suits. 
At last these were decided in his favor, and he was 
able to reap the just reward from his great invention. 
Honors without number poured in upon him. Foreign 
nations vied with one another to give him medals or to 
confer decorations, and in 1858 the representatives of 
France, Russia, Sweden, Belgium, Holland, Austria 
and other countries met at Paris to decide on a collect- 
ive testimonial, and $80,000 was voted to him. It is 
believed that he had the original idea of submarine 
telegraphy; he also made the first daguerreotype in 
the United States. 

Elihu Thomson was born in Manchester, England, 
1853, and at the age of five came to this country with 
his parents, who settled in Philadelphia, where he was 
educated, graduating from the Central H igh School in 
1870. He experimented a great deal during his boy- 
hood in electricity and chemistry, photography and 
similar subjects. Graduating at the age of seventeen, 
he spent six months as an analytical chemist in a labor- 
atory, and was then appointed assistant professor of 
chemistry and physics in the high school, and was pro- 
moted to the chair of professor of chemistry and me- 
chanics in 1876. He frequently lectured and continu- 
ally experimented during this period, in the Artisans' 
Night Schools, Franklin Institute and elsewhere. He 
was associated with Prof. Edwin J. Houston in some 
patents relating to dynamos, and upon these and other 
inventions based the American Electric Company, since 
called the Thomson-Houston Electric Company, organ- 
ized in 1880, and became chief electrician of the com- 
pany. His invention of electric welding and brazing 
has been fully described in the columns of the Scien- 
tific American and Supplement. His remarkable 
experiments in alternating current induction have done 
much to win for him an international renown. The air 
blast applied to switches and commutators for blowing 
away destructive arcs is a type of his practical way of 
reaching results. Like Edison, he holds a great num- 
ber of patents. 

Capt. John Ericsson was born in the province of 
Wermland, Sweden, in 1803, and died in New York in 
1889. His father was a mining proprietor, so in his 
youth he had ample opportunities to watch the opera- 
tion of machinery. He learned to draw, and entered the 
corps of Swedish engineers, and at twelve years of age 



was engaged in the construction of canals. He after 
ward entered the army and rose to be a captain at 
seventeen. During this time he made a small heat en- 
gine, which was the precursor of the hot air engine 
which he afterward successfully developed. His in- 
ventions in relation to locomotives were also import- 
ant. Capt. Ericsson early began to make experiments 
on the screw propulsion of vessels, especially for war 
vessels, with the arrangement of the screw and all the 
machinery under the water line. He came to the 
United States in 1839, and in 1841 he became engaged 
with Commodore Stockton in building the United 
States frigate Princeton, said to be the first successful 
propeller war vessel with all its machinery under the 
water line. In 1833 he brought out the first practical 
hot air engine. He was also among the earliest con- 
structors of steam fire engines. During the thirteen 
years that Qapt. Ericsson lived in England he is said to 
have made forty new inventions. In 1828 he applied on 
the Victory the principle of condensing steam and re- 
turning the water to the boiler, and in 1832 he gave to 
the Corsair the centrifugal fan blowers, now generally 
used in American steam vessels. In 1830 he introduced 
the link motion for reversing steam engines on the lo- 
comotives King William and Adelaide, and in 1834 he 
superheated steam in an engine on the Regent's Canal 
Basin. Undoubtedly, the greatest of Capt. Ericsson's 
achievements was the building of the Monitor in 
1861. This little iron gunboat, with revolving tur 
rets, was so successful in the historic naval engage- 
ment at Hampton Roads in 1862 that it changed the 
whole course of naval construction throughout the 
world. Among his later inventions were torpedo boats 
and sun motors. 

Elias Howe, the inventor of the sewing machine, was 
born at Spencer, Mass., in 1819, and died in Brooklyn, 
in 1867. He spent his time until 1835 on his father's farm 
and mill. He then went to Lowell and was employed 
in a manufactory of cotton machinery. He afterward 
worked in a machine shop in Boston. Here he devel- 
oped his invention of the sewing machine. The first of 
his machines was made in May, 1845. He patented it 
September 10, 1846. After constructing four machines, 
he visited England in 1847, and remained there two 
years. From his return until 1854 he was involved in 
tedious lawsuits, but at last his rights were acknow- 
ledged and the former infringers paid him handsome 
royalties. He is said to have realized $2,000,000 from 
his invention. 

Nikola Tesla was born at Smiljan, a small place on 
the Austrian border, and he is now 39 years ol age. His 
education was received at Carlstadt in Croatia ; he, too, 
showed the experimental bent and eventually entered 
the polytechnic school in Gratz, Austria. Here he 
studied engineering and devoted his spare time to 
studying electricity ; on graduation he entered the 
engineering department of the telegraph at Buda- 
Pesth, and in 1881 took up the electric light and the 
construction of dynamo machines as his especial work. 
He is said to have been greatly impressed by the draw- 
backs incident to the employment of the commutator 
and collecting brushes on dynamos and motors. His 
efforts resulted in the production of an alternating 
system of power transmission, in which these draw- 
backs were done away with, and which is how univer- 
sally introduced under the name of the " polyphase 
system." This work was presented in a lecture before 
the American Institute of Electrical Engineers, in 
May, 1888. But his recent work and that which has 
brought his name more prominently before the world 
than ever before has been with alternating currents. 
Employing a dynamo giving 20,000 alternations in a 
single second, he has produced what may be properly 
termed the most remarkable experimental results re- 
cently attained by electricity. With these alternations 
used in the production of the most beautiful lighting 
effects, he succeeded in showing or at least in indicat- 
ing the possibility of producing light by means of a 
single or without any conductor whatever. Several 
striking features were brought out in his experiments 
in this line. He showed the nature of the brush dis- 
charge and demonstrated the necessity of excluding air 
and gas in general from induction coils and condensers. 
Many other effects of high frequency currents were 
pointed out, which have thrown novel light upon elec- 
trical phenomena. In recent years he has devoted his 
attention to the perfection of a method of lighting and 
other inventions, notably a method of conversion to 
currents of high frequency and the mechanical oscilla- 
tors, which were first shown in an experimental lecture 
before the Scientific Congress at the World's Fair, Chi- 
cago, in August, 1893. 

Alexander Graham Bell was born in Edinburgh, 
Scotland, March 3, 1847, being, therefore, almost the 
same age as Edison. He was educated at the Edin- 
burgh High School and University. He came to the 
United States in 1872. His father and grandfather 
were both language teachers, and the young Bell's 
attention was directed to language by the course 
of studies prescribed by his father. The synthesis of 
artificial speech, by Helmholtz's method, is said to have 
early engaged his attention, and he resolved to pursue 
one of the outcomes of his studies, multiple telegraphy, 
to a practical conclusion. It has been said that all this 
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time the idea of speech transmission was an undercurrent 
of thought with him, and he has testified that, before 
1870, he avowed his belief that we would one day speak 
by telegraph. Going through all sorts of experiments, 
he succeeded in inventing the telephone. He lectured 
on it before the Society of Arts, in Boston, May 25, 1870, 
exhibited it at the Centennial in Philadelphia, and in 
August of the same year speech, it was said, was trans- 
mitted over a telegraph line. He has received numerous 
honors, and has written numbers of papers on his other 
scientific work, such as the photophone. He has also 
for years studied the subject of speech for the deaf and 
dumb. After the shooting of President Garfield, 
Mr. Bell and Mr. Sumner Tainter experimented with 
the Hughes induction balance to find the bullet 



in Mr. Garfield, but then - attempts proved futile. 
Hayward A. Harvey, the inventor of the Harveyized 
steel armor plate process, passed away August 29, 1893, 
at his home in Orange N. J. Hayward A. Harvey was 
born in Jamestown, N. Y., January 17, 1824. His 
father was General Harvey, the inventor of the gimlet 
pointed screw, the cam motion, and the toggle joint. 
Young Harvey entered the office of the New York Screw 
Company as draughtsman in 1844, he took charge of a 
wire mill at Somerville, N. J., in 1850, and in 1852 he be- 
came connected with the Harvey Steel and Iron Com- 
pany, of which his father was president. In 1865 Mr. 
Harvey founded the Continental Screw Company, of 
Jersey City. The inventions of Mr. Harvey, up to this 
time, had nearly all been in the direction of automatic 



machinery ; but he afterward devoted his energies to 
metallurgical processes, and in 1888 he took out his first 
patent on a process for treating steel. This invention 
has now made his name familiar all over the civilized 
world, and has added another word to our language. 
The new process is, briefly, a method of hardening steel 
on the surface, or carbonizing it, and raising steel of a 
low grade to a higher one. The first armor plate 
treated by the Harvey process was made in 1890. The 
Harvey Steel Company was organized in 1889, and 
works were established at Brill's Station, near Newark, 
on the Pennsylvania Railroad. Various improvements 
were introduced in the manufacture of armor plates, 
and to-day Harveyized steel armor plates stand with- 
out a rival. The many tests prove conclusively 
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that Harveyized steel plates are tha best in the world. 
The construction of battleships has been modified by 
the introduction of Harveyized armor, and the new 
process is being adopted by the principal manufactur- 
ers of Europe. Mr. Harvey, in the course of a long and 
eventful life, had 125 patents granted to him. 

Samuel Colt, whose name will ever be identified with 
the production of the revolver, was born at Hartford, 
Conn., in 1814, and died there in 1862. In his fourteenth 
year he ran away from school and went to sea. AVhile 
on his East India voyage he made a model in wood of 
a revolving pistol. This was the germ of the great inven- 
tion. After his return from Calcutta, he studied chem- 
istry in the dye house of his father, and afterward trav- 
eled extensively in the United States and Canada, giv- 
ing lectures on chemistry. He thus gained the means 
necessary to prosecute his invention of the revolver. In 
1835 he visited England and France, taking outpatents, 
and on his return he took out his United States pat- 
ents. He established a factory at Paterson for the manu- 
facture of his arms. There was, however, little demand 
for the new weapon, and the company became insolvent. 
During the Mexican war, in 1847, the manufacture of 
the revolvers was resumed — first at Whitney ville, Conn., 
and finally at Hartford. This last establishment was 
built on a very large scale, and made not only revolvers, 
but machinery for constructing the same, cartridges, 
etc. Mr. Colt also invented a submarine battery for the 
defense of harbors, and also a method of insulating sub- 
marine cables. In 1843 he laid a cable from Coney and 
Fire Islands to the city of New York, which was ope- 
rated with success. 

George Henry Corliss was born at Easton, New York, 
in 1817, and died in Providence, R. I., in"1888. Heat- 
tended school until he was fourteen, and then became 
a clerk in a cotton factory ; later he spent three years in 
Castleton Academy, Vt., and finally opened a country 
store at Greenwich, N. Y. He early showed a leaning 
toward mechanical pursuits, and in 1844 he moved to 
Providence, R. I., where, in 1846, he began to make im- 
provements in steam engines. He patented what is 
now universally known as the " Corliss " engine in 1849. 
These improvements have revolutionized the construc- 
tion of the steam engine. By the new devices the gov- 
ernor was connected with the cut-off, preventing waste 
of steam, and insured uniform speed under the most va- 
rying loads. A company was formed in 1856, and they 
adopted the novel plan of taking the saving in fuel for 
a given time as their pay. The large Corliss engine was 
one of the wonders of the Centennial Exposition, and 
is still in use, driving one of the largest manufacturing 
plants in the country. Mr. Corliss received many 
honors and decorations, and amassed a large fortune. 
He made many other minor inventions. 

Thomas Alva Edison was born at Milan, Ohio, in 1847. 
He began life as a train boy, soon advancing to a news- 
dealer with assistants. He studied telegraphy and ob- 
tained a position as operator at Port Huron. He soon 
became noted for his speed and accuracy, his messages 
being taken down in handwriting like copperplate. 
He soon began to invent, and in 1864 he moved to Mem- 
phis and had one of his inventions, an automatic re- 
peater, put into service. He struggled along, inventing 
and working at his profession, until he went to Boston 
in 1868, where he was able to open a workshop for de- 
veloping his inventions. Shortly afterward he was re- 
tained by the Western Union Telegraph Company, and 
started an electrical laboratory at Newark, where he em- 
ployed 300 men. In 1876 he moved to Menlo Park, New 
Jersey, and in 1887 left Menlo Park and erected in 
Orange, New Jersey, what is supposed to be the largest 
experimental laboratory of its kind in the world. His 
inventions, which are numbered by hundreds, center 
largely on electricity, although one of the most wonder- 
ful of his achievements is the phonograph. They in- 
clude inventions in duplex and quadruplex telegraphy, 
the carbon transmitter telephone, the incandescent 
lamp, the electric railroad, the electrophone, the moto- 
graph for accelerating speed in ocean cabling, the micro- 
tasimeter, the odoroscope, the megaphone, the phono- 
plex telegraph, the pyro-magnetic motor and generator, 
the magnetic bridge, the electric pen, dynamos and mo 
tors, the kinetograph, the magnetic ore separator, and 
last of all the fluoroscope and the new vacuum light. 
Taken all in all, the inventions, both from quantity and 
value, place Mr. Edison in the very front ranks of the 
inventors of all ages, and it is gratifying to note that he 
has reaped both honors and rich rewards for his dis- 
coveries. 

Cyrus Hall McCormick, the inventor of the reaping 
machine, was born at Walnut Grove, Va., in 1809. He 
died in Chicago, in 1884. His education was obtained 
in the common schools ; he also helped his father in 
farm work, and at the age of fifteen had constructed a 
cradle used in harvesting in the field. At the age of 
twenty-one he invented two new and valuable plows. 
As far back as 1816 his father made attempts to con- 
struct a reaper, but these attempts only ended in failure, 
but in 1831 young Cyrus proceeded on a new line, and 
succeeded in making a suceess of the new grain har- 
vesting machine which was to bring him fame and for- 
tune. He patented his reaper in 1834, and improve- 
ments on it in 1845-47 and in 1858. In 1847 he moved to 
Chicago, where he built a large plant. He received 



numerous awards for his invention, which also obtained 
for him a large fortune. He was elected a correspond- 
ing member of the French Academy of Sciences, " as 
having done more for the cause of agriculture than any 
other living man." It was estimated in 1859 that his 
invention saved the country at least $55,000,000 per 
annum. Of course, with the growth of improvement, this 
sum has been largely augmented. 

. m i ■ i m 

AMERICAN SHIPBUILDING. 

Though the history of American shipbuilding has 
been marked by many fluctuations, there had never 
been a time, from the colonial days of the seventeenth 
century down to the sudden decline of the middle of 
the nineteenth century, when it had not been in a 
more or less healthy condition. The records show that 
fifty years ago we had entered upon the last and most 
brilliant era of shipbuilding which the country has 
ever seen. In the three years, 1843 to 1846, the total 
yearly tonnage built in the United States had risen 
from 63,888 to 108,203 tons. In 1850, 279,255 tons were 
built, and in 1855 the total rose to 583,450 tons. So 
rapid was the growth that by the year 1860 there was a 
total of 5,353,868 tons in the merchant marine, 2,379,396 
tons of which were engaged in the foreign trade. At 
this time the total tonnage of the British empire was 
only slightly greater — 5,710,968 tons. 

It was inevitable that an enterprising country, with 
a 3,000 mile Atlantic seaboard flanked by great forests 
of timber that was excellently adapted to shipbuilding, 
should create a powerful merchant fleet ; and the rapid 
decline which took place at this time is primarily to be 
ascribed, not to any decadence of the maritime spirit, 
but to the substitution of iron for wood in the construc- 
tion of ships ; though the collapse was undoubtedly 
hastened by the outbreak and course of the civil war. 

As long as wood was the material of construction the 
American shipwright more than held his own against 
the world ; but the change from wood to iron came a 
little too early for the undeveloped condition of the 
mineral resources of the United States, and we suf- 
fered accordingly. In 1855 there were built 381 ships 
and barks and 126 brigs ; in 1870, only 73 ships and 
barks and 27 brigs ; in 1880, but 23 ships and barks and 
2 brigs ; and in 1895, 1 ship. Of steam vessels we built 
in 1846 some- 46,359 tons ; 147,499 tons in 1864, and 
69,753 tons in 1895. The above figures, it is true, do not 
include schooners and sloops, nor the large fleet of 
canal boats and barges, of which there were 445 built 
in 1895, with a total tonnage of about 41,000 tons. 

In addition to the two causes of decline above men- 
tioned, it must be remembered that the past thirty 
years has been a period of unparalleled agricultural, 
mining and manufacturing activity. If the nation has 
neglected its merchant marine, it has been largely for 
the reason that it was fully occupied with the develop- 
ment of the internal resources of the country. The 
discovery of the gold fields of California ; the rapid ex- 
tension of the railroads, and the opening up of the un- 
occupied farming lands of the West ; the development 
of the mineral wealth of the country, and the rapid 
growth of the iron industries, have proved a strong 
counter attraction that has temporarily weaned the 
heart of the nation away from its old-time love of the 
sea. Now that the tide ol emigration has touched the 
remotest bounds of the country, and the extent of its 
resources has been well ascertained, we may look for 
something of a reaction in the direction of maritime 
enterprise — indeed, the reaction has already begun. 

The teachings of history regarding the relation of the 
navy to the merchant marine have frequently shown 
how intimately the interests of the two are associated. 
A large merchant fleet requires a strong navy for its 
protection, and a strong navy can never exist without 
a large merchant marine, from which, in the sudden 
emergency of war, it can recruit its seamen. 

We think that, when the history of American ship- 
building comes to be written, it will be agreed that two 
of its red letter days occurred on July 23 and 26, 1883, 
when the celebrated firm of John Roach & Sons, of 
Chester, Pa., signed the contract for the construction 
of the Atlanta, the Boston and the Chicago, and the 
Dolphin, ships which were to prove the forerunners of 
a completely new and up-to-date navy. The policy 
which was thus commenced has encouraged our ship- 
builders and engineering firms to lay down extensive 
and costly modern plants, suitable for the building of 
the most approved modern ships and engines. So ut- 
terly stagnant was the shipbuilding industry that it 
needed some powerful stimulant to arouse it. The 
prospect of securing contracts for warships, as they 
shall from time to time be built, has not only encouraged 
the existing yards to enlarge their plants, but has called 
others into existence ; until to-day we have several 
firms which are qualified to undertake the construc- 
tion of the largest merchant steamers, and, as the per- 
formance of the St. Paul and St. Louis has clearly 
shown, to rival the best work of the European builders. 
The last census showed that there were in all 1,000 
shipbuilding plants in the United States, though, of 
course, many of these are comparatively insignificant. 
The important yards are located on the seaboard and 
on the great lakes, the latter locality having witnessed 



of late years the growth of a really magnificent steam 
fleet. 

The history of the Pacific fleet dates from the year 
1849, when the Union Iron Works had its beginning in a 
small forge at San Francisco. In 1865 the name of the 
firm was changed to Prescott Scott & Company, and 
in 1885, when the fine yard in South San Francisco 
was opened, the firm became known as the Union 
Iron Works. This new yard and works is one of 
the most complete of its kind in the world. The build- 
ings, which are of brick, cover an area of four acres, the 
total area of the covered works being nine acres. One 
of the most notable features is the hydraulic dry dock, 
with an area of 30,450 square feet, which we hope to 
illustrate in a later issue. The works are underlaid 
throughout with hydraulic mains, which supply the 
various lifting, forging, shearing and riveting machines. 
The Union Iron Works give employment to 1,500 
men, and they have turned out some of the most 
successful ships of the new navy, including the Charles- 
ton, San Francisco, Monterey, Olympia and Oregon, in 
addition to many fine ships for the merchant service. 
To this firm, aided by the various smaller yards scat- 
tered along the coast, must be given the credit of a 
fleet on the Pacific Ocean which comprises some 1,520 
American vessels, aggregating 456,359 tons. 

Coming across to the Atlantic seaboard, we should 
take note in passing of the Iowa Ironworks, Dubuque, 
Iowa, where the steel torpedo boat Ericsson, of 120 tons 
and 24 knots speed, was built. There is a world of sugges- 
tiveness in the fact that this destructive little craft was 
built and engined thousands of miles up the Mississippi, 
and dispatched to the Atlantic by way of New 
Orleans. 

Turning northward to the great lakes, we find that 
American shipbuilding has advanced by leaps and 
bounds, and that here, in its inland seas, it has to re- 
cord a growth of which it may justly be proud. In 
1895 our lake shipping comprised 3,342 vessels, with a 
total tonnage of 1,241,459 tons, two-thirds of this tonnage 
consisting of steam vessels. The Commissioner of Navi- 
gation estimates that the carrying power of this fleet 
is 2,666,261 tons, in which case our merchant fleet on 
the lakes alone is larger than that of France, and 
second only to England and Germany. It only re- 
quires a full-sized ship canal to enable the splendid 
shipyards that fringe the lakes to lend their aid to 
building up a deep sea fleet that shall be second to 
none in the world. 

Passing on to the New England coast, renowned for 
its famous yards in the days of the wooden sailing 
ships, we find a compact and very complete plant at 
the Bath Iron Works, Bath, Maine. It covers a large 
area on the banks of the Kennebec River, twelve miles 
from its mouth. Several vessels for the new navy, in- 
cluding the ram Katahdin, have been launched from 
its slips. City Point Works, Boston, Mass., and the 
Herreshoff Manufacturing Company, of Bristol, R. I., 
have contributed to the list of our merchant and naval 
fleets, and the latter firm have immortalized them- 
selves in the international yachting world by the 
production of such craft as Vigilant and Defender. 
Mention must be made also of the Columbian Iron 
Works, Baltimore, Md., N. F. Palmer & Company, of 
Chester, Pa., of Harlan & Hollingsworth, of Wilming- 
ton, Del., and many other yards that are contributing 
to our increasing fleet of deep sea and river craft. 

One of the clearest evidences of the faith of American 
capitalists in the revival of our maritime interests is to 
be found in the extensive and costly plant of the New- 
port News Shipbuilding and Dry Dock Company. This 
concern, like the town from which it is named, has 
been built up within a very few years. Its extensive 
shops, dry docks, and building ways have been carefully 
laid out after a thorough inspection of the great ship- 
building yards of the world. It has turned out some 
fine ships for the merchant service, and taken an active 
share in the construction of the new navy, the gun- 
boats Wilmington, Nashville and Helena, which have 
been constructed in this yard, being just about to be 
turned over to the government. Here also are being 
built the Kentucky and Kearsarge, first-class battle- 
ships of 11,525 tons, an illustration of which, as they 
will appear when completed, will be found on another 
page. 

The plant comprises sixteen buildings, which include 
four shops 100 by 300 feet, and a blacksmith's shop 120 
by 208 feet in size. There are four piers ranging from 
60 by 350 feet to 60 by 900 feet in size. The plant includes 
eight ship ways from 400 to 500 feet long, and an outfit- 
ting basin 500 feet by 900 feet. There is also a dry dock 
600 feet long, with a depth of 25 feet over the sill. Over 
3,000 men find employment in the various departments. 

There is no shipbuilding concern in America that 
has contributed so largely to the upbuilding of our 
modern navy ai:d the merchant marine as the William 
Cramp & Sons Ship and Engine Building Company, 
of Philadelphia, Pa. The foundation of this justly 
famous concern dates from the year 1830, when Mr. 
William Cramp, then a young man of 23 years, opened 
a small shipyard at the foot of Otis Street, Philadel- 
phia. That was the age of wood and canvas, and for 
forty years William Cramp continued to build sailing 
ships for home and foreign service. In 1871-72 the es- 
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tablishment was enlarged to include a water front of 
about half the length occupied by the present yard, 
and from that date to the present the growth has been 
a steady one, the present yard covering a little over 31 
acres, and employing an army of 5,600 men, whose 
wages alone amount to $54,000 a week. 

An excellent idea of this large establishment, and of 
some of the notable ships to which it has 
given birth, may be gathered from the 
accompanying bird's eye view. The build- 
ings are mainly of brick, or of steel frames 
covered with corrugated iron. The most 
notable structure is a large building 1,164 
feet long by 72 feet wide, and from two to 
three stories high, in which are included 
joiner and pattern shops, machine and erect- 
ing shops and two mould lofts. The iron 
foundry is 415 feet long by 264 feet wide, and 
the boiler shop — the largest of its kind in 
America — is 387 feet long by 112 feet wide, 
and it is furnished with two electric trav- 
eling cranes capable of handling 70 and 90 
ton boilers with ease. There are five large 
building slips 600 feet long by 75 feet wide, 
and five wet docks from 600 to 1,000 feet in 
length, together with a dry dock 462 feet by 
70 feet, with a sill depth of 22 feet. In the 
center of the picture, alongside of the ar- 
mored cruiser New York, is seen the cele- 
brated floating derrick, known as the Atlas, 
the largest of its kind in the world. It has a 
lift of 60 feet, and a radius of 35 feet, for a 
load of 125 tons. 

The yard has a complete pneumatic, hy- 
draulic and electric plant, and in addition to 
its ship and engine building facilities, it 
boasts of an ordnance plant for the manufac- 
ture of rapid-fire guns up to 4 inches caliber. 

The total output of ships from this yard 
to date is nearly 300, and includes the Morn- 
ing Light of the days of the clipper ; the 
New Ironsides, an early broadside ironclad ; 
the four fine ships Indiana, Illinois, Penn- 
sylvania and Ohio, built for the American 
Steamship Company in 1872 ; and a veritable 
fleet of ships for the new navy, in which is 
included such famous creations as the ar- 
mored cruisers New York and Brooklyn, the 
commerce destroyers Minneapolis and Columbia, and 
the battleships Indiana, Massachusetts and Iowa. 

Last, and perhaps most brilliant achievement of all, 
was the construction of the two great transatlantic 
steamships, St. Louis and St. Paul, of 11,629 tons dis- 
placement, and 20 to 21 knots sustained sea speed. The 
advent of these twin ships to the transatlantic route 
may be taken as an earnest of the fact that the United 
States are determined to win back something of the 
old time prestige, which was hers when her 
clipper ships were the fleetest that crossed 
the seas. 

«i d » — — 

DEVELOPMENT OF THE ASTRONOMICAL 
TELESCOPE IN FIFTY YEARS. 

Like almost every great invention dating 
back a century or more, it is very difficult to 
obtain data of a positive character regard- 
ing its early history. It will be useless in an 
article of this nature to speculate on the indi- 
rect evidence that may be gathered from the 
writings of Greek and Latin authors, but 
from such writers as Roger Bacon we are 
able to obtain information of a very satis- 
factory nature regarding the properties of 
lenses. 

Mention is made of the use of lenses in 
" Pantometria," by Thomas Diggs, in the 
sixteenth century. Dee's preface to an edi- 
tion of Euclid, published by him in 1570, has 
some remarkable passages on the use of 
lenses. Batista Porta, in a work published 
by him in 1561, describes a combination of 
concave and convex lenses. Henry Lipper- 
shey, about 1607, seems to have the best 
evidence on his side as the inventor of the 
telescope. In 1609 Harriot made observa- 
tions on celestial phenomena with an instru- 
ment probably made in England, and Sir 
William Lower, a Welshman, asked Harriot 
to procure a cylinder (telescope) for him. 
Galileo, in the same year, learning that the 
telescope had been invented, made one. 
Afterward he made a larger one, with which 
the greatest astronomical discoveries ever 
recorded were made. Kepler improved the 
instrument by substituting a convex for a 
concave eye lens. Huygens made a telescope 
in 1655 having a focal length of 12 feet, with 
which he discovered Titan, Saturn's largest 
moon. His brother made telescopes 107 and 
210 feet focal length. About the same time 
Campani, at Bologna, and Divini, at Rome, 
were making fine lenses of 90 to 130 feet focal 
length, 



The reflecting telescope was invented by Gregory, in 
the middle of the seventeenth century. Newton invent- 
ed his telescope in 1666, and in 1672 Cassegra improved 
the Gregorian telescope by making the secondary or 
small mirror with a convex surface, so as to intercept the 
rays from the great mirror before they came to a focus. 

In 1732 James Short, a young Scotchman, made glass 




HUYGENS' AERIAL TELESCOPE, 1655. 

reflectors, silvered on the back; but he soon substituted 
speculum metal for glass. About forty years later Sir 
William Herschel commenced his wonderful career as 
an astronomical telescope maker, producing beautiful 
mirrors of speculum metal from 6 to 48 inches in diame- 
ter. Contemporaneously Schroeter, in Germany, made 
some excellent reflecting telescopes, and, like Herschel, 
made many interesting observations with instruments 
of his own construction. 




REFLECTING TELESCOPE. 



Having done thus much in the way of a hasty review 
of the early history of the telescope, we will state a lit- 
tle more in detail what has been done in the way of de- 
velopment of the astronomical telescope within the last 
fifty years. 

From 1840 to 1845 Lord Rosse designed and con- 
structed several large and powerful reflecting tele- 
scopes, one of which was six feet diameter 
and fifty-four feet focal length. The work of 
this telescope upon nebulee ano> star clusters 
has become historic. 

In 1861 Lassell erected his great reflecting 
telescope on the island of Malta, and Dr. De 
la Rue constructed several fine reflecting 
telescopes which he used in photographing 
the moon, etc. 

In 1868 Mr. Thomas Grubb finished the 
great Melbourne reflecting telescope. For 
this telescope two 48 inch mirrors of specu- 
lum metal were furnished. In almost all 
reflecting telescopes used up to 1854 speculum 
metal was employed. This is composed of 
sixteen parts pure copper, fifty-eight parts 
pure tin, with slight modifications by various 
makers. 

About the year 1850 Liebeg discovered a 
method of depositing pure silver on a glass 
surface. In 1856 Steinheil took advantage of 
this fact and was perhaps the first to make 
the now well known silver on glass specula, 
in which the silver is deposited on the first 
surface, which has been accurately polished 
and corrected before the silver is deposited 
upon it. A year later Leon Foucault de- 
scribed his method of making silver on glass 
mirrors, and made with his own hands many 
beautiful surfaces. By this method M. 
Eichens made the 48 inch mirror for the 
Paris Observatory, and a few years later Dr. 
Henry Draper made the 15 inch silver on 
glass telescope with which he obtained such 
beautiful results in lunar photography. 
Later on he constructed a silver on glass 
telescope of 28 inch aperture, by which he 
photographed the spectra of stars for the first 
time. These telescopes are now mounted at 
Harvard College Observatory. Dr. Draper 
published a most valuable monograph on 
the silvered glass telescope in 1864, and by its aid hun- 
dreds of amateurs have made very creditable reflecting 
telescopes. 

But we must go back to the middle of last century to 
record what proved to be the greatest invention of the 
age in the way of developing the refracting telescope. 
Notwithstanding Newton's dictum that it was useless 
to try to improve it, owing to the impossibility of pro- 
ducing refraction without dispersion, Euler read a 
paper before the Berlin Academy in 1747 
proving mathematically the possibility of 
correcting both the spherical^and chromatic 
aberration of an object glass ; and curious 
to say, the very man who published an ad- 
verse criticism of Euler's paper was no less 
a person than the celebrated John Dollond, 
who is recognized as the father of the achro- 
matic telescope, for upon reading Klin- 
genstierna's paper corroborating Euler's 
views, Dollond made a series of most valua- 
ble experiments which led him to the solu- 
tion of the problem of the achromatic object 
glass ; namely; that by properly combining 
two kinds of glass, flint and crown, he could 
unite the colored rays fairly well and still 
have refraction to unite the incident rays to 
form an image. Here we could fill a column 
with many interesting items of Dollond's 
work, but lack of space forbids. It is true 
that when Dollond applied for a patent to 
protect his discovery, it was claimed that 
Chester Hall had invented the achromatic 
objective as far back as 1829 ; but Lord 
Mansfield, who tried the case, remarked, "It 
was not the person who locked his inven- 
tion in his serutoire that ought to profit 
for such invention, but he who brought it 
forth for the benefit of the public." 

Dollond's work soon became famous. He 
was surely master of it and had a clear field 
for many years, but he labored under great 
difficulties in procuring glass suitable for 
telescopes of any diameter. The writer has 
read an original letter from Dollond to Prof. 
Loomis, of Yale, in which he asked three 
years for the completion of a five inch tele- 
scope. Fortunately a genius had taken hold 
of this problem in the person of Guinand, a 
Swiss watchmaker, the story of whose life 
work is as charming as that of Palissy the 
Potter. After long experimenting, Guinand 
solved the problem of making fine disks of 
optical glass, and having associated himself 
with the celebrated Fraunhofer, in 1805 suc- 
cessfully made optical glass disks up to fifteen 
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inches aperture. To Praunhofer we owe many of the 
most important discoveries in the theory of the achro- 
matic objective, and it is sad to record that his brilliant 
career was cut off by his death at the age of thirty- 
nine. Foucault died at the same age, but both men 
during their short lives added to the world's records an 
immense fund of invaluable data in mathematical and 
practical optics. 

The then great telescopes of Cambridge, Mass., and 
Pulkova, Russia, were made by Merz and Mahler, the 
successors of Fraunhofer. Contemporary with the pro- 
gress of practical optics, mathematicians were develop- 
ing theories of a critical nature, and the names of 
Gauss, Littrow and others must always be associated 
with this great work. In France Lerebours and Cau- 
choix were making excellent achromatic ob- 
jectives. In England, Simms; in Ireland, 
Thomas Grubb, were taking an active part 
in the charming work ; while in America, 
the Clarks had commenced their great work; 
first on reflecting and afterward on refracting 
telescopes. Every American has a personal 
pride in the work of the Clarks, and their 
objectives soon became famous in every 
part of the world for their accuracy of figure 
and fine definition. But one of this firm is 
now living, Mr. Alvan G. Clark, who has 
recently finished the great objective of the 
Yerkes Observatory, the largest objective yet 
constructed. There are but two firms in the 
world who have attempted to furnish the glass disks 
for these great telescopes — Mr. Mantois, of Paris, suc- 
cessor to M. Feil, and Dr. Schott & Company, of Jena, 
in Germany ; but Macbeth & Company, of Pittsburg, 
Pa. , have lately succeeded in making optical glass up to 
20 inches diameter, of very excellent quality. To-day we 
have in France the eminent opticians the Henry Bro- 
thers, who have made many large and fine objectives ; 
Secreton & Bardou, who have constructed many excel- 
lent telescopes of smaller size. In Germany Merz still 
sends out some good objectives, while Steinheil & Son 
are making objectives of the highest type. In England 
Messrs. Cooke & Company are doing splendid work, 
while in Ireland Sir Howard Grubb is turning out 
many fine telescopes of large size. In America Mr. 
Alvan G. Clark, of Cambridge, Mass., is the successor of 
the firm of Alvan Clark & Sons. Mr. Henry Fitz made 
a large number of the older glasses and the Spencers 
have contributed several large objectives to American 
observatories. Mr. Clacey, of Washington, has also made 
a few excellent objectives of good size. Indeed, there have 
been quite a number of objec- 
tives made by American ama- 
teur workers that have proved 
to be worthy of the makers. 
In Allegheny, Pa., John A. 
Brashear has been engaged 
in the development of the 
achromatic objective from 
new and valuable formula 
devised by Dr. Charles S. 
Hastings, of Yale University. 
In the mounting of great 
telescopes, engineering pro- 
blems of a difficult nature 
have had to be met, and to 
the mechanician we must ac- 
cord a place of honor in the 
development of the telescope ; 
for, when it is taken into con- 
sideration that such a tele- 
scope as the 36 inch at the Lick 
Observatory weighs forty-five 
tons, and the 40 inch of the 
Yerkes Observatory weighs 
nearly seventy-five tons, and 
that the great tubes of these 
instruments must move with 
the utmost precision, aye 
"keep time with the stars," 
it is easy to comprehend that 
the engineering problems are 
intricate and difficult of solu- 
tion. But our astronomical 
engineers have been equal to 
the task, and have brought 
the mounting of the telescope 
to the highest perfection. In 
France we have Gautier; in 
Germany, the Repsolds ; in 
England, Cooke ; in Ireland, 
Sir Howard Grubb ; in Ameri- 
ca, Messrs. Warner & Swasey, 
of Cleveland, O., and Mr. 
Saegmuller, of Washington. 
The largest instrument 
mounted by Mr. Saegmuller is 
the 20 inch of the Denver 
University. Messrs. Warner 
& Swasey constructed the 36 
inch (an illustration of which 
appeared in our issue of June 
16, 1888) Lick telescope mount- 



ing, the 40 inch of the Yerkes Observatory, and many of 
the larger telescopes that have been constructed of late 
years. Constant efforts have been made to lessen the 
work of the observer in handling the "magic tube," and 
perhaps no better type has yet been constructed than 
the new mounting for the 26 inch equatorial of the 
United States Naval Observatory, an illustration of 
which is here given. This mounting is what the engi- 
neer would call "clean," as it has no useless append- 
ages, but has everything needed for use of the observer. 
This mounting has been constructed recently by Messrs. 
Warner & Swasey, of Cleveland, O. 

A new type of telescope has of late years come into 
prominence as an " astronomical weapon," i. e., the 
photographic telescope. There are two general forms ; 




ASTRONOMICAL PHOTOGRAPHIC CAMERA, WITH DOUBLE OBJECTIVE, 
FOR WIDE FIELD PHOTOGRAPHY. 



one as adopted by the Photographic Congress for small 
but accurate fields of stars, which is to be used to ob- 
tain a photographic chart of the entire sky, the other for 
wide field "picture " photography. The eye at the tele- 
scope receives an impression from the light coming from 
a star and dismisses it, so that by long gazing we see no 
more stars than by a brief glance. Not so with the pho- 
tographic plate. Every tiny ray sticks to the plate, and 
if the astronomical camera is held long enough upon 
the stars in the field, the images become imprinted by 
thousands — images of stars no telescope will ever show 
to the eye. The writer has seen on a plate 14 X 17 
inches not far from fifty thousand stars photographed 
by Dr. Gill, of the Cape Observatory. Prof. Barnard, 
when at the Lick Observatory, used the photographic 
telescope in most valuable studies of comets and star 
clusters, while Dr. Max Wolf, of the Heidelberg Ob- 
servatory, has discovered many new asteroids by the aid 
of this wonderful tool of the modern astronomer. 

To Dr. Lewis Rutherfurd we owe the principle of the 
refracting telescope as applied to purely photographic 



purposes, and the instrument made by his own hands 
is typical of all that have followed in this line. The re- 
flector had already been used for photography and still 
holds an important place for this kind of astronomical 
work. 

The spectroscopic discoveries of Wollaston and 
Fraunhofer, as well as those of Herschel, Fox-Talbot 
and Brewster, were made several years previous to the 
period we have under consideration. After 1849, how- 
ever, through the efforts of Foucault, Kirchhoff and 
others, the coincidence of the absorption bands and 
bright lines of the spectrum was established, and upon 
this discovery was based the star spectroscope, by 
means of which so many brilliant astronomical discov- 
ries have been made. This instrument, as improved by 
Kirchhoff, Bunsen, Huggins and others, has 
been the means not only of revealing the 
constitution of the sun, stars, comets and 
nebulae, but the condition of matter of which 
these bodies are composed. 

Spectroscopic observations of the motions 
of the stars in the line of sight yield results 
of the highest importance. By a single ob- 
servation it can be determined whether the 
star is approaching or receding, and with 
what velocity. By the union of this method 
with the ordinary telescopic method, even 
though the path of the stars should cross 
the field of vision at any angle, the velocity 
of the star and the direction of its movement 
can be determined, provided the [distance of the star is 
known. The spectroscopic method of measuring the ve- 
locity of stars has only recently been put in practice. 

By the use of the photographic plate in connection 
with the spectroscope, extremely close binary systems 
have been discovered which would certainly never 
have been known if the ordinary telescope alone were 
•available. 

But the half has not been told. When we compare 
the little telescope of Galileo with the majestic 30 inch 
of the Lick Observatory, we think of the mighty step 
from one to the other, but it has all come along slowly 
through the years of the past until further progress 
would seem to be limited by our environment. The 
writer is not willing to say that we have reached this 
limit, either in optical or engineering problems, as mas- 
ter minds still look and hope, and are now working for 
new discoveries in the realms of optical science. 
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THE TELEPHONE. 
In the early days of the telephone no one seems to 
have conceived of the possi- 
bility of transmitting speech 
by electricity. Natural as the 
idea might seem, it appar- 
ently transcended any one's 
imagination up to a compara- 
tively recent period. Page 
had discovered, in 1837, that 
an iron bar magnetized and 
demagnetized emitted sounds, 
and he went no further. Over 
twenty years later, about 1860, 
Philip Reis, a German school 
teacher, was experimenting 
on a telephone which, in his 
hands, took various shapes, 
always, however, having a 
different construction of the 
receiver and of the trans- 
mitter. His receiver had a 
diaphragm bearing at the 
center a contact piece. The 
diaphragm was caused to vi- 
brate when acted on by; the 
voice, and Reis relied on the 
effect on the contact to cause 
vibrations in the current, the 
latter being produced by a 
battery. In the same circuit 
was placed his receiver, one 
typical form being a knitting 
needle wound with a coil of 
wire and mounted on a sound- 
ing box. The apparatus was 
first shown at a seance of the 
Physical Society of Frank- 
furt, in 1861. Reis believed 
that his instrument could 
transmit words, and he is re- 
ported to have said that he 
had shown the world a road 
to a great discovery, but left 
it to others to follow it up. 
He died in 1874. All that was 
wanted to make his tele- 
phone a success was the sub- 
stitution of carbon for one or 
both of the metallic contact 
points which he employed. 
Numerous variations of his 
construction may be found, 
but what has been said about 



© 1 896 SCIENTIFIC AMERICAN, INC. 



90 



gthutxiit %mman. 



[July 25, 1896. 



it gives the general idea. Many other 
investigator* experimented with hi* tele- 
phone. 

About 1868 Royal C. Houie, an Ameri- 
can inventor whose printing telegraph 
had awakened universal interest, invented 
what he termed an electro-phonetic re- 
ceiver for his telegraph. His idea was to 
produce an instrument which, precisely 
like the modern telephone, would produce 
an audible sound upon receiving a weak 
current of electricity. It consisted of a 
box closed with a diaphragm, against 
which two rods were pressed endwise by the rocking or 
pivoted armature of an electromagnet, so that in its 
motions the armature would alternately push against 
one or the other rod. The electromagnet was actuated 




BELL'S EARLY TELEPHONE. 

tical in their essential features, each consisting of an 
ear or mouth piece, over whose end a diaphragm 
is stretched, which diaphragm is made of gold beat- 
er's skin. By means of a little rod it is connected 




ments could -be used for receiving and 
sending, each consisting of a permanent 
magnet wound with a coil of wire, near 
the poles of which magnet a thin dia- 
phragm of iron was held. By speaking 
against one of the diaphragms it was 
caused to vibrate, thereby inducing cur- 
rents in the line connecting the two coils 
and causing the second diaphragm to re- 
peat the sound uttered in the first. Al- 
most at the same time with Bell, Gray had 
worked upon the telephone system, using 
a varying liquid contact, made to vary 
by the vibrations of a diaphragm and thereby pro- 
ducing the speaking current. 

In 1856, Du Moncel had discovered that 'when two 
conductors are in contact the electrical conductivity of 
their contact varies with the change of pressure therein. 
The Bell telephone, in which the gold beater's skin for 
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THE HOUSE TELEPHONE. 



MODERN CARBON OR MICROPHONE TRANSMITTER. 



by weak currents, and an ear placed opposite an ear 
piece leading to the diaphragm received the sound. 
This instrument is a telephone far superior to Bell's 
original invention, although its inventor had not the 
least idea of its capabilities for the trans- 
mission of articulate speech. 

Eight years later, Elisha Gray, of Chi- 
cago, and Graham Bell, of Boston, were 
working on the pro blem of the transmis- 
sion of sound by electricity, and on the 
14th of January, 1876, Bell took out his 
patent for his first instrument. The 
receiver and transmitter in it are iden- 



to the oscillating armature of an electromagnet, and a a diaphragm was early abandoned, and a plate of iron 



battery is included in the circuit. The assumption was 
that if one of these instruments was spoken into the 
diaphragm would vibrate, causing the armature of the 



substituted therefor, was astonishingly sensitive to mi- 
nute variations in scund when used as a receiver; 
when used as a transmitter, the agitation of the plate 





TELEPHONE RECEIVER. 



EDISON'S CHEMICAL RECEIVER AND CARBON TRANSMITTER. 



magnet also to vibrate, 
thereby introducing varia-^ 
tions in the current so as 
to reproduce the vibrations 
from the diaphragm into 
the receiving instrument. 
In the summer of 1876 Bell 
exhibited his telephone at 
the Centennial Exposition 
in Philadelphia. It varied 
somewhat from the instru- 
ment of his patent. The 
transmitter was a vertical 
electromagnet with a plate 
armature, which was spok- 
en against by the person 
sending the message. It 
worked with the utmost 
difficulty, but speech was 
transmitted. The next im- 
provement took the shape 
of omitting the battery and 
substituting permanent 
magnets therefor. It was 
found that identical instru- 



BEIS' TELEPHONE TRANSMITTER. 

by the voice produced such minute changes that tne 
system embracing a Bell telephone at each end was 
very imperfect and was regarded as not much better 
than a scientific curiosity. The Du Moncel principle 
was now applied to telephony, Edison and Hughes 
being among the earliest experimenters. The tele- 
phone system took a new shape. A transmitter based 
upon the use of a carbon contact was used. The re- 
ceiver was a Bell telephone. As a carbon contact, 
however, much agitated, generated no current, a bat- 
tery was also put into the circuit and at once the tele- 
phone system was completed ; talking in an ordinary 
tone of voice into the microphone, the telephone miles 
distant repeated the sound. The rest was detail. The 
most extraordinary results were produced by some of 
the early transmitters. Edison adopted a carbon but- 
ton which was held against a contact piece by a dia- 
phragm. This proved astonishingly sensitive to the 
voice. It was only one of a whole series of changes 
which were rung upon the microphone. Carbon balls, 
powder, and rods in every conceivable relation were 
adopted. The microphone made the telephone a 
success. 

It was rapidly introduced in commerce. One of the 
curiosities of the telephone was Edison's loud-speaking 
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or chemical telephone. This receiver was based on a 
chemical principle. Directly back of a micro-dia- 
phragin was a cylinder of plaster of Paris moistened with 
a chemical solution. A strip of platinum bore, spring 
fashion, against the surface of the cylinder, the other 
end being attached firmly to the center of the dia- 
phragm. The instrument was placed in a circuit, one 
wire connecting with the spring and the other with 
the cylinder. When the cylinder was turned, it pulled 
upon the diaphragm evenly and no sound was pro- 
duced. If a current from the transmitter were passing, 
its action on the chemical 
solution caused the me- 
chanical resistance or the 
friction between the cyl- 
inder and the spring to 
vary, and thereby the dia- 
phragm was vibrated in 
exact accordance with the 
original motions of the dia- 
phragm of the transmitter. 
In this way the message 
was very loud and could 
be heard over the whole 
room. The telephone at 
once went into extensive 
use and was introduced 
everywhere. Enormously 
expensive law suits were 
instituted to determine the 
proprietorship in the basic 
inventions, which were de- 
cided in favor of the own- 
ers of the Bell patent, who 
have succeeded in main- 
taining a monopoly of the 
business for many years. 

As now used, the tele- 
phone operating with a 
microphone transini tter 
and a Bell telephone re- 
ceiver uses the secondary 
Or induced current. To 
put subscribers in commu- 
nication with each other 
what are known as switch 
boards are operated in the 
central exchanges. Some 
of these switch boards are 
enormous pieces of work 
representing thousands of 
dollars in value and em- 
bodying in their construc- 
tion hundreds of miles of wire. Gradually the instru- 
ments have taken a single type of construction and the 
telephone industry has become one of the greatest elec- 
trical interests of the day. By the use of more perfect 
instruments and heavy copper wire the area covered 
by the telephone has been greatly extended and long 
distance lines have been established between the lead- 
ing cities of the world. 

STATISTICS OF THE TELEPHONE BUSINESS OF THE 
UNITED STATES FOR 1895. 

Number of exchanges 927 

" " branch offices .-... 686 

' " " instruments in hands of subscribers 674,976 

' Miles of wire on poles '260,334 

" ll "buildings -12,861 

11 u "underground 184,515 

" H "submarine 172 

Total employes 11,980 

Total stations 281,695 

Estimated daily exchange connections 2,351,420 

fc Average cost of connection to the subscriber, from 1 cent to IOjV cents. 

Miles of underground wire in New York 38.986 

" " Chicago 20,352 

* " Boston 15,687 

" " " " "Philadelphia 10,999 



of the paper at its inception, and we give below some 
Account of Its peculiaritiet and charaoteristiOi. 

The size of the paper was more like that of th« pres- 
ent daily newspaper. It had four pages. All the matter 
was printed on both sides of one large sheet and folded 
in the center so as to make a folio 19 X 13!^ inches. 

Across the engraved heading, on which were shown 
steamboats, waterfalls, windmills, factories and a tem- 
ple, as may be seen by examining the facsimiles of these 
early issues published on the front page, was printed 
the name, " Scientific American," in large letters. 
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FIFTY TEAKS OF THE SCIENTIFIC AMERICAN. 
The present issue is published in the form of an his- 
torical review of the progress of science and mechani- 
cal industries during the 
past fifty years, and as it is 
commemorative of the fifti- 
eth anniversary of the pub- 
lication of the Scientific 
American by the present 
owners, it will, we feel sure, 
not be considered amiss if 
we give some account of 



the early beginnings and 
struggles through which 
the journal passed before it 
had made for itself a posi- 
tion of authority in the 
particular field to which it 
is devoted. The early num- 
bers of the paper are rarely 
attainable, and cannot gen- 
erally be reached even in 
our large public libraries. 
We have reproduced some 
pages of the first issues, in 
order to give our readers 
some idea of the character 



PATENT DEPARTMENT OF MUNN & COMPANY, 

Prom a contemporary print. 



To those interested in studying the progress of sci- 
ence in this country, the first volume is instructive in 
showing the gradual, yet rapid development that has 
taken place. The proprietor, then, Mr. Rufus Porter, 
was a versatile genius. Finding the world of science too 
small, he branched out in several directions ; included 
poetry, temperance and religion among the subjects for 
discussions and essays. Temperance combined with 
science was uppermost in his mind, and gave the jour- 
nal a high moral tone. 

An examination of the business columns of the new 
paper will reveal many curious advertisements, and in 
them will .be found some names well known to-day. 
There appears the advertisement of Daniel Davis' jour- 
nal " Electrical Apparatus," a review of his famous 
book, " Manual of Magnetism," ranking as the modern 
" Gilbertus de Magnete." Adams & Company's Ex- 
press advertise largely, stating that it sends daily iron 
chests to Pittsburg for the transportation of valuables. 
" The Pioneer and Express Line" takes goods to Phila- 
delphia in three and a half days, in perfect order. Ad- 
vertisements of daguerreotypes and supplies show the 
extent and interest in the new art, at that time, of pho- 
tography. Another interesting advertisement is that 
announcing the Eighteenth Annual Fair of the Ameri- 
can Institute, at Niblo's Garden, October 6, 1845, with 
its cattle show out of town on the present site of the 
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THE FIRST WASHINGTON OFFICES OF MUNN & COMPANY. 
United States Patent Office at left. 



Fifth Avenue Hotel, opposite to what is now Madison 
Square Park. In the issue of October 9 is a short de- 
•criptlon of the fair. Among the 1,300 entries is Hoe's 
printing press, Colt's repeating pistol, and Gurney's 
daguerreotypes, all of thein time honored. 

It was quite difficult to get up good illustrations then. 
The engravings were crude, yet they enhanced the 
popularity of the paper in the eyes of subscribers 
and readers. The illustrations covered several differ- 
ent subjects. On the front page of the second issue is 
shown a self-regulating windmill; in the next number 

is a rotary steam engine, 
and in the succeeding num- 
ber appears a picture of a 
traveling balloon, which 
may be accounted for by 
the fact that Mr. Rufus 
Porter was a strong be- 
liever in the possibilities of 
aerial navigation. In later 
issues may be found as 
front page embellishments 
illustrations of a sema- 
phoric telegraph, a steam 
carriage for common roads, 
Brown's dovetailing ma- 
chine, a combination 
trunk lock, a id an im- 
proved tubular boiler. 

On October 20, 1845, the 
office was destroyed by fire, 
which caused an omission 
of two issues of the publi- 
cation. In the November 
13 issue, the first published 
after the fire, is a very 
characteristic editorial giv- 
ing interesting details. The 
loss is placed at seven hun- 
dred dollars ;" not insured. 
In the same number as 
many as eight vessels are 
spoken of as being engaged 
in commerce on Lake Su- 
perior, while more vessels 
are building. It also men- 
tions that a line of tele- 
graph is being laid from 
New York to Pittsburg 
and that one between New 
York, Philadelphia and 
Baltimore will soon be com- 
pleted. 
Another item describes the steamship Great Bri- 
tain, one of the earliest screw vessels, and attacks 
the practicability of screw propulsion. Railroad pro- 
gress is given a prominent place. One item tells its own 
story : " Norris, of Philadelphia, has sent two more of 
his splendid locomotives to Russia." It demonstrates 
at how early a date the American locomotive was appre- 
ciated abroad, and is prophetic as regards the adoption 
of American machinery by Russia. It has been recently 
stated that an immense locomotive plant will be estab- 
lished in Russia, based on American ideas, as carried 
out by the Baldwin Locomotive Works, of Philadelphia, 
for the equipment of the great Siberian Trans-Conti- 
nental Railway, which was at that time projected, but 
which is not yet completed. Another item alludes to a 
great work that is being done in the grading of thirty 
miles of roadbed, expecting it would be completed dur- 
ing the winter. The Baltimore and Ohio road has 
177 miles finished. Most extraordinary of all, in the 
issue of December 11, 1845, is found the statement 
that "the last project we have heard on this subject is 
that for the construction of railroads elevated on rows 
of permanent columns to be erected in the principal 
streets of this city. We believe this project to be not 
the most visionary, however, and shall probably give 
an illustration in a future number." Quite a remark- 
able suggestion in view of the fact that it was not actu- 
ally carried out until twen- 
ty or more years later, and 
may be said to be the fore- 
shadowing of our pre- 
sent elevated railroad sys- 
tem. 

Captain Eads' proposed 
ship railroad, across the 
Isthmus of Panama, at- 
tracted considerable atten- 
tion, because of the ingeni- 
ous application of hydrau- 
lic power to sustaining the 
strains on ships. But in 
the first volume of the Sci- 
entific American is to 
be found a ship railroad 
which solves the problem 
at once. It is proposed to 
mount a great tank upon 
wheels, to float the ships 
into it, then to close its 
ends like a lock, and carry 
the whole across the land, 
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the vessel quietly floating in the tank or moving 
lock. 
Other features of the paper include a series of article* 



engravings of new inventions and a resident correspond- 
ent at Washington is to keep the readers informed 



which Mr. Porter was a strong believer, are less fre- 
quently noticed in its columns. It will be noticed also 

that less space is devoted to a discussion of religious ! about what is going on at the Patent Office. Chemis- 
on the Science of Mechanics, really excellent and worthy ! problems and temperance. However much the new try, architecture, gardening and mechanics are among 
of reproduction, on account of the simplicity and apt- proprietors believed in the value of these virtues as the subjects promised. It is with regret that we turn 




ness of the experimental illustrations. The subject of 
patents also begins to be noticed, a list of the patents 
issued in May and June, 
1845, occupying less than 
a column. 

However attractive 
and interesting the early 
numbers of the Scien- 
tific American may 
be from a retrospective 
point of view, it did not 
possess the elements of 
success, and, after a 
brief existence of ten 
months, Mr. Porter de- 
cided to part with all 
his interest in the paper, 
and in the early part 
of July, 1840 (according 
to the text of the bill 
. of sale), all right, title 
and interest in the pa- 
per, including good will 
of the business, all 
types, cuts, engravings, 
composition cases and 
the various parapher- 
nalia of a publishing 
office, including the sub- 
scription list, the most 
important of all, were 
transferred to the firm 
of Munn & Company, 
which was founded for 
the purpose of acquir- 
ingthe publication. The 
value at which the 
Scientific American 
was at that time held, 
may be judged from the 
fact that the purchase 
price was eight hundred 
dollars. The new firm 
consisted of Orson D. 
Munn and his friend 
and schoolmate, Alfred 
E. Beach. The latter 
had been brought up in 
the office of the New 
York Sun, of which 
his father, Moses Y. 
Beach, was at that 

time the proprietor, and the young men with the en- 
thusiasm of youth saw a great future, under proper 
management, for the feeble and struggling little journal. 
An office was secured in the old Sun building, on the 
corner of Fulton and Nassau Streets. The knowledge 
and experience acquired by being in such close relation- 
ship with the great daily was of great service to the 
young publishers. The interior of this office, as it ap- 
peared some three or four years later, is shown in one 
of the cuts reproduced from an early print published 
at the time. We regret 
to say we have not been 
able to procure a pic- 
ture of the exterior of 
the Sun building of that 
day. 

The first issue pub- 
lished by Munn & Com- 
pany made its appear- 
ance on July 23, 1846. 
A facsimile of this num- 
ber will be found upon 
the front page of the 
present issue. It will be 
seen that Mr. Porter was 
retained by the young 
proprietors as editor and 
for a few months his 
name still appears in 
conjunction with theirs 
upou-thfi title page, but 
very soon a change is 
fcoticeable, and a new 
spirit is infused into the 
paper. What was a 
gain to the general read- 
er at that time is a loss 
to us to-day, however, 
for we find the paper 
begins to lose something 
of its eccentricities and 
picturesqueness. It will 
be observed that articles 
on the Millerites and the 
millennium, which was 
expected in 1846, and in 



tosching private character, they did not think that a 
discussion of such problems formed proper subject mat- 
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ter for the columns of a scientific journal. In like 
manner the Muses began to be neglected, and it will be 
seen that the department of poetry is gradually cur- 
tailed until it finally disappears. The most noticeable 
change, however, was in the form and size of the paper. 
Near the close of the first volume the important an- 
nouncement is made that it is proposed to enlarge the 
Scientific American, to print it from new type on 
fine paper, and to make it of quarto instead of folio size. 
Every number is to contain from three to six original 
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away from the first volume, but in opening the second 
volume, September 26, 1846, we find the promises well 

fulfilled. 

In 1847 the Mechanics' 
Journal, published at 
Albany, by Joel Mun- 
sell, was purchased, and 
its editor, Mr. Robert 
McFarlane, succeeded 
Mr. Porter as editor of 
the Scientific Ameri- 
can. 

In 1849 Mr. Salem H. 
Wales, now one of the 
commissioners of the 
new East River bridge, 
purchased an interest 
in the Scientific Ame- 
rican, and was very 
actively interested in 
the editorial depart- 
ment till 1871, when he 
retired from the firm 
and became actively en- 
gaged in politics. Soon 
after this he was nomi- 
nated by the Republi- 
can party for Mayor of 
New York City, but was 
defeated at the polls by 
the Democratic nomi- 
nee. 

The changes gradually 
introduced in the paper 
began to produce the 
anticipated results, and 
the journal slowly but 
surely increased in influ- 
ence and circulation. 
The young proprietors 
were at this early date 
brought into contact 
with inventors,, some of 
*hom were successful, 
the great majority of 
whom were struggling. 
A Mr. Elias Howe was 
one of the latter, who 
frequently called with 
reference to a wonder- 
ful machine of his 
which would sew by 
simply turning a crank. His name was soon des- 
tined to be known all over this continent and all 
through Europe as well. Needy and discouraged 
like the typical inventor, he could not find anyone 
who was willing to risk his capital in this curious ma- 
chine. A. B. Wilson, the inventor of the Wheeler & 
Wilson sewing machine, was also a frequent caller at the 
office, and it was through the agency of Munn & Com- 
pany that he procured his patents. He was much in the 
same condition financially as the great Howe. He was 

fortunate in associating 
himself at an early date, 
however, with a man of 
means, great foresight 
and good judgment, 
Mr. Nathaniel Wheeler. 
The great Wheeler & 
Wilson establishment 
was the result of the 
uniting of their talents. 
Mr. Munn and Mr. 
Beach were in this way 
at an early date brought 
into contact with the 
inventors of the coun- 
try, and they decided to 
establish a patent de- 
partment in connection 
with the publication of 
the Scientific Ameri- 
can, which had now 
been in existence sev- 
eral years, and which 
was this time a suc- 
cessful and influential 
paper. 

This announcement 
had hardly been made 
before the office was be- 
sieged with inventors, 
who engaged Munn & 
Company to prepare 
their specifications and 
drawings and attend to 
their interests before the 
Patent Office at Wash- 
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ington. Affairs now moved rapidly and it 
was found necessary to establish a branch 
office at Washington. A view of these first 
offices as they appeared at that time has been 
reproduced from a print of early date. These 
offices were opposite the Patent Office. 

Judge Mason, when he retired as Com- 
missioner of Patents, became associated with 
Munn & Company in their patent depart- 
ment. He was an able man, very popular 
with inventors, and was most successful in 
fighting to a successful issue the extension 
of the Morse telegraph patent. This noted 
inventor was at this time a constant visitor 
at the office of the Scientific American, 
in consultation with Judge Mason. 

Captain John Ericsson Commodore Edwin 
A. Stevens, and Captain James B. Eads were 
among the other celebrities of those days who 
were constant visitors at the office. 

In 1859 the offices in the old Sun build- 
ing were found to be too contracted, and 
new quarters were secured at 37 Park Row 
(now the Potter building), opposite the City 
Hall and the New York Post Office. These 
offices were in a central and convenient 
location and were large and commodious, 
and admirably adapted to the work of 
the office. Several views of the exterior and interior 
are shown reproduced from contemporary prints. 

On January 31, 1882, the Park Row office was de- 
stroyed by fire, the second conflagration the business 
had to pass through. The old building was a great 
center for patent lawyers, and a large quantity of irre- 
placeable models and valuable papers were destroyed. 
Temporary quarters at 261 Broadway, corner of War- 
ren Street, were secured on the same day and were 
opened for business the next morning. In the fire was 
destroyed the type plant used for printing the subscrip- 
tion lists. To avoid writing wrappers and not delay 
the issue of the paper, photographic copies of the sub- 
scription lists that had been saved were made, and 
these photographic prints were attached to the regular 
wrappers in the usual way — an illustration of the 
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utility of the science of photography in an emergency. 

The temporary quarters being too contracted for 
the business, the present commodious and well 
lighted offices at 361 Broadway, corner of Franklin 
Street, were secured, where two spacious floors are re- 
quired to accommodate this large business. The en- 
gravings published on another page show the various 
departments of the patent business. 

It was decided at the time of the Centennial Expo- 
sition in 1876 to publish a supplementary weekly paper, 
which could be devoted to the many objects of inter- 
est shown at the exhibition, and in which articles re- 
lating to the progress of the arts and sciences in foreign 
countries could be published, as well as abstracts of 
lectures and papers read before the various scientific 
and technical societies at home and abroad. This 



publication is known as the Scientific 
American Supplement. No further men- 
tion of this journal is necessary, as this paper 
is well known to our readers. About the 
same time the Export Edition of the Scien- 
tific American made its appearance for 
circulation abroad. It was practically a 
monthly reissue of the Scientific Ameri- 
can. During the past few years the trade 
relations between the United States and the 
South American republics, Cuba and Mexi- 
co, had become so extensive that it was de- 
cided to publish an edition of the Scien- 
tific American in Spanish. This journal 
is extensively read in all the Spanish-speak- 
ing countries. In 1885 the Building Edition 
of the Scientific American was estab- 
lished, and it at once met with public favor, 
and has acquired a very large circulation. 
It is a monthly publication and is well known 
to most of our readers, so it needs no com- 
ment here. 

The copartnership which had lasted so 
many years was terminated by the sudden 
death of Mr. Beach, on January 1 of this 
year, thus rendering necessary the conver- 
sion of the business into a corporation under 
the laws of the State of New York. 
The following sonnet in honor of the golden anniver- 
sary of the Scientific American was contributed by 
Mr. George A. Avery, one of our oldest employes : 

TO THE SCIENTIFIC AMERICAN. 
A laurel garland/through thy name we string, 
Since half a century thy work hath grown; 
For at thy birth-time arts were little known, 
And sciences were meagre chronicling. 
Till great invention gave us everything 
Which fosters thrift or soothes the sufferer's moan. 
Those fifty years are long, Thou art alone' 
In lapse of years and glories time doth bring. 



And still the senior of the youthful twain 
That started thee aright in thought and deed 
Directs the lamps of knowledge, truth and peace 
Upon thy columns with a loving pain 
For him who died o'er conscious of thy need 
Of the life work he gave for thy increase. 
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FEED THE LAWN and you can almost 

m ^See the Grass Grow 

CyoiTs 



« « 



Automatic 

fertilizing 
Cawit • « 




feeder « 

'ODORLESS) 

is a neat, liffht, little device, attached between the end of the hose and the nflzzle, which auto- 
matically dissulves a stick of 

LYON'S CONCENTRATED LAWN FOOD, 

diffusing it through as much water as will pass through an ordinary garden hose in about one 
hour. It is clean, odorless, non-poisonous, and will give perceptible rtsults after one week's use 
on your lawn. It produces a dark-green foliage and a healthy growth. 

Prom the July issue of AMERICAN HOMES, Knoxvllle, Tenn. 

None but tbo c who have had tho experience know how difficult it is not only to bring the 
lawn up to a condition of uniform vigor but to keep it there as well. 

Nothing adds more to the beauty of a home than a rich greensward on the lawn, but if 
marred by bare or scant places and alternate luxuriant tufts, the evidence is painfully ipparent 
that something is lacking, and the owner is apt to reel a guilty knowledge.of lack of proper 
nutrition or care, no matter how earnestly he has sought for a remedy for the scrawny 
appearance. 

If butasmall "patch" of grass can be obtained, lrt it have the thrifty, well-cared-for look 
which commends it to all, and shows the care and intelligence of the occupant of t he premises. 

It is not every one who can tell just what to do and when to do it, which will make and keep 
the lawn in opple-ule 01 der, and many who have striven hard for the desired results have ended 
in failure ancf disappointment. . . 

To such, Lyon's Automatic Fertilizing LawQ Feeder comes as a boon. Its use is so simple, 
and the good results so positive that it is like many another valuable invention, one wonders 
why it was not thought of long ago. If this is used with regularity, the changed appearance of 
the lawn will be marvelous, and it will only remain f orthe lawn mower to do its duty, to produce 
that even, velvety appearance so universally written about and so seldom seen. 

The editor of American Homes has given this Fertilizer a test and is convinced that its pur- 
chase will prove one of the best investments a home-owner can make. 



For sale at Seed and Hardware Stores, and by dealers generally, or a complete outfit, consist- 
ing of one holder and twelve sticks of the food, prepaid to any address on receipt of $1.00. 

We want a bright man in every city in the United states containing a system of water works 
to do special work for us. Pleasant work, splendid pay. Small capital required. Apply at once. 

THE W. W. SPRAGUE CO., un™ •ToSTO.k. ch.ca G o. 

SATISFACTION GUARANTEED or Money Cheerfully Refunded. 

AUTOMATIC LAWN FEEDER WORKS, 

Bloomington, III., 

Special Agts. Illinois, Missouri, Kansas, Nebraska. 



H MICHENER, JR., General Eastern Agent 
956 Front Street, Philadelphia, Pa. 
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Valuable Books Free. 

Woman's World and Jenness Hiller Honthly 

is a mammoth illustrated magazine, every 
number consisting- of ninety-six to one hun- 
dred and twelve long - columns, with a colored 
cover in handsome designs. Its twenty-four to 
twenty-eight pages each month are filled with 
charming serial and short stories, poems, useful 
and instructive miscellaneous departments, 
fancy work, household and children depart- 
ments. It is a popular ladies' and family maga- 
zine. The subscription price is $1.00 per year. 
The publishers desire to introduce it into thou- 
sands of new homes where it is not now taken, 
and make the following unprecedented offer : 
On receipt of 15 two-cent stamps, we will enter 
your name for a trial subscription, and send you 
any selection of three books from the 1 st below. 
Just think of it 1 A trial subscription to a $1.00 
Hagazine, and a selection of three books from 
the leadlnsr authors of the day (the three books 
alone retailing: * or 75 cents), for only 30 cents 
stamps, fioney refunded if you are not entirely 
satisfied. The number of pages in each book fol- 
lows the title. 



SELECTED LIST OF BOOKS. 



PAGES 
192 1 



NO. NOTE, — Order the books wanted by number. 

1 A Yellow Aster. " Iota." 

2 Esther Waters. George Moore. 

3 The Man in Black. Stanley J. Weyman. 

4 Dodo. E. F. Benson. 

5 Ships that Pass in the Night. B. Harraden 

6 A Rogue's Life. Wilkie Collins. 

7 The Duchess. "The Duchess." 

8 Called Back. Hugh Conway. 

9 A Wicked Girl. Mary Cecil Hay. 

11 Wedded and Parted. Charlotte M. Braeme. 

12 The Bagof Diamonds. George Manville Fenn. 176 



336 ■ 
128 I 
224 1 
176 
192 l 
224 , 
160 ' 
176 1 



FIGURES ADDED 
WITHOUT WORK. 

No mistakes — no head work — no chance to blun- 
der. The Universal Adding Machine saves mind, 
labor and money. You push the slides, and your 
work is done. No cog wheels or mechanism, to get 
out of order. Regular price $8.00, BUT THE FIRST 
HUNDRED THAT ORDER GET 'EM AT $5.00 
(delivered free in IT. S.), because times are hard, 
and we want to advertise the Adders. Every ma- 
chine guaranteed. Book about it free. 

E. J. HUSSEY & CO. 

82K JOHN ST., NEW YOEK. 




13 The Octoroon. Miss M. E. Braddon. 160 , 

14 A Study in Scarlet. A. Conan Doyle. 176 

15 Forging the Fetters. Mrs. Alexander. 160 | 

22 Maid, Wife or Widow. Mrs. Alexander. 96 

23 Black Beauty. Anna Sewell. 176 ' 

24 Ideala. Sarah Grind. 192 | 

25 Camille. Alexander Dui 

26 Her Last Throw. "The Duchess." 100 I 

27 Three Men in a Boat. Jerome K. Jerome. 224 

28 The Honorable Mrs. Vereker. "The Duchess." 208 

29 The House of the Wotf. S. J. Weyman. 192 

39 The Earl's Error. Charlotte M. Braeme. 160 

40 A Golden Heart. Charlotte M. Braeme. 192 I 

41 Her Only Sin. Charlotte M. Braeme. 

42 The Idle Thoughts of an Idle Fellow. Jero 

43 In Durance Vile. '"The Duchess." 

44 A Little Rebel. "The Duchess." 128 ( 

45 A Little Irish Girl. " The Duchess." 160 I 

46 Loys, Lord Berresford. " The Duchess." 96. 
48 A Marriage at Sea. W. Clark Russell. 176 

50 The Other Man's Wife. John Strange Winter. 192 

51 On Her Wedding Morn. Charlotte M. Braeme. 192 

52 Stage-Land. Jerome K. Jerome. 112 

59 At the Green Dragon. B. Harraden. 160 

60 Singularly Deluded. Sarah Grand. 128 

61 The Hired Baby. Marie Corelli. 96 

62 The Tour of the World in Eighty Days. Verne. 192 
Fleming. Dora Russell. 128 

71 Reveries of a Bachelor. Ik. Marvel. 144 

72 Under the Red Flag. Miss M. E. Braddon. 160 

73 The Little Schoolmaster Mark. J. H.Shorthouse. 160 

75 Diamond Cut Diamond. T. Adolphus Trollope. 128 

76 Monica, and A Rose Distill'd. "The Duchess." 112 

77 Afternoon, and other Sketches. "Ouida.'* I28 

SPECIAL OFFER.— Upon receipt of only $ r .oc. 
we will enter four trial subscriptions, and send 
free and postpaid any twelve books desired, 
selected from the above list. The books may be 
sent to one address, or divided and sent to each 
of the four addresses. One extra book sent to 
the one sending - the order for four subscriptions. 
Address, J. H. PLUMMER, Publisher, 90S 
Temple Court Building, New York, N. Y. 

We refer to any mercantile agency as to our 
responsibility. This advertisement would not 
appear in this publication It it were not genuine. 



WOLVERINE" GAS *"° GASOLINE 

engines, is? imm 

Tbe* 1 Wolverine "Is the only re- 
versible Marine Gas Engine on 
Remarket* H Is 1 he lightest eri- 
Dfl for Its power. Requires no 
Licensed engineer. Abso- 
lutely safe. Man u fact 'd br 
fVOLVERrNE MOTOR WORKS, 

tU llurr>ii Mr,.,-!, 

CRAND RAPIDS, MICH. 



IF YOU K^A. 



ATRIAL 
WILL CONVINCE 1HAT 

6olden$ccptre 

IS PtRTTCTlON 



We will send on receipt 
of 10c. a sample to 
any address. Prices 
of GOLDEN SCEPTRE, 
|it»*l.30, i4'«>.40<t s . 

Postage paid. ( I'MMtmu** free 

SlRBRUG 37D £ r «t 

NtW YORK CIIY 



>VE 64AR*KTtC TMt TITU «T HBQ KMMUt $01.0 »t IIS 
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^applies or^-Siaiiilarri Quality. 
^Barclay Sti\ 38 Court Sqn. 156Adams Stn, 

ffEW YORK. BO ST OJV. CI/jfaGOt. 

■818 Wyandotte Str..jrAjirsAS cmr. nro. 



SENT ON APPLICATION. 



Sample Leaves of 



6 MAMMOTH CATALOGUE 



ARCHITECTS' 



THE KLIP-BINDER 



ENGINEERS' SUPPLIES. 

: RSfllTMANN"SS. 



* ( Queen" Builder's Transit 

$100 

IMPROVED TRANSITS AND LEVELS 

Graduated entirely on our large divid- 
ing engines. Special award at World's 
Fair. All kinds of EnRineering, Sur- 
veying and Draftine Instruments and 
Materials. 220 p. Illustrated Catalogue 
mailed free only if this ad. is mentioned 

<IUEUN & CO., Inc., 
1011 Chestnut St., Philadelphia 




THE BEST IS THE "BOSS" 



No Horse Shoes in 
the world equal the 
HOSS for lightness, 
perfection of shape and 
strength. Made of 
Iron. Aluminum and 
Steel, in sizes from 00 
to 8. in weights from 1J^ 
oz. to 56 ozs. each, and 
at a factory turninL'Out 
the greatest variety of 
shoes intheworld. Our 
Racing Plates are used 
on every first- (hiss 
course in this country, 
and on the Newmarket 
and Epsom courses in 
10 n eland. Send for 
Catalogues O and P. 

THE BRYDEN 
HORSE SHOE CO. 
Catasauqua, Pa. 




for pamphlets, magazines, and 
newspapers. Binds commercial 
and law blanks, school charts, 
letters, bills, etc. No 
holes to punch, no wires 
to bend, no strings to 
tie. Adopted by U. S. 
Govt, and all leading 
libraries. 

PT" Send for circular 
and price list. 

H. H. BALLARD, Box 188 




PITTSFIELD, MASS- 



BRIGHT 
MACHINtFC*. " 

' TOOLS, COH^tr 

b #ANN0Cfl«L 



ilMTC'F. PERMANENTLY | 
IKUJJ I AREVENTELX. 



^ BY US IN O A 

wvititRs Manns 



OTTO GOETZE. 

Sole Agent, 




I 1 2 Broad St 

NEW YORK. 



NEW ADVERTISING NOVELTY 

Something absolutely new for Advertisers who intend 
to give their customers a Souvenir which will be use- 
ful and highly appreciated. G?" Send 50 cents for sam. 
Vie, by mail, to TWINING CAMl'BKU, 

Advertising Novelties, PATERSON, N. J. 



In any form wanted, for all 

ELECTRICAL AND MECHANICAL PURPOSES. 

Write for samples and quotations. 

A. O. SCHOONMAKER, 

160 WILLIAM STREET. NEW YORK. 



VflllD IkllfCUTinU " «■ specialty of merit. 

luun mi eh i iim. will be in trndncei! 

thnrouBhly if yoa contract with us. HUNTER 
CURRY COMB CO. (Inc.), Racine, Wis. 



PROOFING 

Pi comsinai ion oi -ht DCST old Mr 

mat & THE MORTON I IN Plftk Co.* ' P* 
,txerm manvfa. tum fis CAM BRIDGE. OH 10. 



VOLNEY W. MASON & CO, Providence, B. I, U. S. A. 

Manufacturers of Pat. Friction Pulleys and Hoist- 
ing Machinery, New Pat. Wiiip-JloimtH, for rapid 
ii i ilM :]!..■■ in Warehouse?, Mills, etc., by power. 61 in u>e 
at the Hay Depot of the N. Y. (\ & H. R. R. R. Co., 3 d 
Street, New York, on one line shafting 560 ft. long (i he 
loncest in the world). 50 in use at Lowell M. Palmer's 
Dock Depot. Kent Ave., BroOUlvn, N. Y. Also at Con- 
stitution Wharf and Atlas Storehouses, and ethers, 
Boston, Mass., and the Providence Wn rehouse ( p., 
driven by electric motors, SO h. p. Over 30 years adver- 
tisers in the Scientific American. 
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A HALF CENTURY OF MININO. 
Some fifty years ago one James Wilson Marshall, a 
carpenter, was at work deepening the tail race of Sut- 
ter's mill, in El Dorado County, California, when he no- 
ticed the glitter of gold in the gravel which he had 
thrown up in his excavation of the night before. That 
was on the morning of January 19, 1848. When Mar- 
shall picked up the yellow fragments, he little dreamed 
that he was holding in his hand the key to one of the 
richest natural treasure vaults that has yet unlocked its 
wealth for the enriching of a nation. 

At the time of the discovery of gold in California the 
mineral industry of the United States was in its very 
infancy, as may be judged from the fact that the annual 
output of coal, which in 1895 reached the enormous 
total of 196,442,451 tons, in 1848 amounted only to 5,000,- 
000 tons, and that the total output of pig iron was but 
a quarter of a million tons, as against nine and a half 
million tons in 1895. Lead was mined to the modest ex- 
tent of 10,000 tons, and it was but two years previous 
to the discovery of gold, or in 1846, that copper mining 
had its small beginning with a total output of 150 tons. 
The effect of the Sutter's mill discovery was simply 
magical. Its announcement was received with un- 
bounded enthusiasm, and it drew a vast and motley 
army of adventurers to the Pacific coast in search of 
the precious metal. When we consider how crude were 
the methods of recovery, the yield of gold was truly 
phenomenal. In the first year about $10,000,000 worth 
was taken out ; this rose to 
$40,000,000 in 1849 ; $50,000,- 
000 in 1850 ; $55,000,000 in 
1851 ; $60,000,000 in 1852 ; 
and it reached its highest 
point in 1853, when a total 
value of $65,000,000 was re- 
covered. 

During these first six 
years the methods of ex- 
tracting the gold were very 
crude, and therefore very 
wasteful. The mining was 
parried on in what were 
known as placer deposits 
and the favorite appara- 
tus of the "forty-niner" 
consisted of the pan, the 
rocker, the Long Tom and 
the sluice box. 

In the course of time, as 
the rich alluvial deposits 
became worked out, the 
miner turned his attention 
to the gold-bearing rock, 
and the recovery of the gold 
became a more difficult and 
costly matter. There was 
a call for science, skill, and 
capital, and the gold min- 
ing industry passed into 
the hands of the engineer 
and the capitalist. The 
pan, the rocker, and the 
sluice gave place to the 
highly organized stamp 
mill, with its costly plant 
consisting of stamp batter- 
ies, amalgamating pans 
and concentrating tables. 
Chemistry was called in to 
determine the composition 
of the various ores, and the 
expert metallurgist became 

an indispensable member of the staff of the mine. In 
due time the rebellious ores came to be treated by 
roasting, and last, and most brilliant feat of all, was the 
introduction of the various leaching processes, by 
which in some cases practically the last trace of the 
gold has been recovered from the tailings. 

Mention should also be made of the remarkable 
development of hydraulic mining, whereby enormous 
deposits of gravel, which contain only a few cents' 
worth of gold to the cubic yard, can be worked at a 
profit. As its name indicates, the mining is done by 
the action of water, which is discharged under enor- 
mous pressure against the wall of gravel and bowlders, 
tearing it down and thoroughly segregating the material 
which is then carried through sluices, where the gold 
is deposited. 

It was natural that, in the first rush for gold, the less 
valuable metal, silver, should have received but little 
attention. There were about two and a half million 
ounces of gold taken out in 1850, whereas the total out- 
put of silver for that year was only between thirty- 
eight and thirty-nine thousand ounces. It rose to 12,375,- 
360 ounces in 1870, and reached the maximum in 1890, 
when it amounted to 54,517,440 ounces. Last year there 
was a decline of about eight million ounces, the total 
being 46,331,235 ounces. 

There is no country in the world where the mining 
and metallurgy of gold and silver has been subjected to 
such searching and successful experimental work as 
jn the United States. To have graduated from an 
American School of Mines, and to have gained his ex- 



perience in the practical routine of America! mining, 

opens up the way to responsible and highly lucrative 
positions in any of the great mining centers of the world. 

The development of copper mining in the United 
States has been no less remarkable than that of gold. 
It had its commencement a year or two previous to the 
discovery of gold, and the progress of this industry, 
especially in the last decade and a half, has been with- 
out a parallel. From a small beginning of 150 tons in 
1848 the output grew steadily to 27,000 tons in 1880, when 
it began to increase at an astonishing rate, reaching a 
total of 119,000 tons in 1890, and 172,522 tons in 1895— an 
amount which is greater than the total production of 
all the other countries of the world combined. This 
rapid increase in production has taken place in spite of 
the fact that the market price of copper has been stea- 
dily declining. Although it is worth to-day only one- 
half what it was twenty-five years ago, the output is 
over thirteen times as great, and the copper mines of 
Michigan and Montana are reckoned as among the best 
paying investments of the day. 

This success has been achieved by the introduction of 
improved machinery, and by the administration of the 
mines with a strict regard to economy of labor. Some 
idea of what skillful engineering, combined with well 
directed economy, can do may be gathered from the 
fact that the great Calumet and Hecla mine in Michi- 
gan is paying a yearly dividend of 150 per cent on a 
paid-up capital of $1,250,000, and this, although the 




ment of wealth to the nation than the production of 
gold, silver, and copper combined, has been the devel- 
opment of our vast natural resources of coal and iron. 
We have shown that the past half century practically 
includes the history of the development of coal and 
iron mining on a scale of any magnitude. Five million 
tons of coal and less than half a million tons of pig iron 
will cover the output in 1846 ; and although the earliest 
records of the iron industry take us back to the early 
years of the seventeenth century, when iron ore was 
shipped from Virginia to England, the commencement 
of the era of its modern growth may justly be assigned 
to the decade 1840 to 1850. This period saw the rapid 
development of the two great means of transportation— 
the locomotive and the steamship — whose manufacture 
and propulsion created an immediate and growing de- 
mand for iron and coal. Increased facilities of trans- 
portation extended the market for manufactured arti- 
cles ; and, as the factories multiplied, the demand for 
iron machinery and coal fuel increased rapidly. The 
industrial development of the country thus necessarily 
involved a corresponding increase in the output of coal 
and iron ; and the story of our commercial prosperity is 
faithfully chronicled in the tables of our production of 
these minerals. This has risen in 50 3'ears from 5,000,- 
000 tons of coal to 196,442,451 tons ; and from 500,000 
tons of iron to 9,446,300 tons in 1895. 

The European mine owner is puzzled to understand 
how we can sell our coal for 30 to 40 per cent less per 

ton than he can afford to 
do, when we are paying 
the miner over twice as 
high a wage. 

The answer is simple, 
and with it we will close 
this brief review : Better 
paid labor produces a more 
intelligent workman and a 
larger output of work; it 
stimulates the introduction 
of labor-saving machinery, 
and renders economy of 
administration an impera- 
tive necessity. 



GREAT SEAL FORMERLY ISSUED WITH BRITISH PATENTS. 



value of copper has decreased 50 per cent in the past 
twenty-five years. The above figures are a tribute to 
machinery and good management, which, in the last 
twenty years, have reduced the cost of labor in getting 
out the ore more than 400 per cent. 

TOTAL OUTPUT OF READING MINERALS IN THE 
UNITED STATES, 1895. 

Value. 

Pig iron, long tons 9,446,808 $108,632,542 

Gold, ounces 2,265,612 46,830,200 

Copper, pounds 886.453,850 86,944,988 

Silver, ounces 46,331,235 30,254,296 

Lead, short tons 156,864 10,132,768 

Zinc shorttons 81,8:8 5,942,890 

Quicksilver, flasks 83.978 1,313,589 

Aluminum, pounds 900,000 495,000 

Antimony, short tons 433 68,847 

Bituminous coal, short tons 13S,079,466 125,489,488 

Anthracite coal, shorttons 58,362,985 89,948,699 

Crude petroleum, barrels, 42 gallons 50,652,025 42,547,701 

Buildinc stone ... 83.000,000 

Lime, barrels, 200 pounds 60,000,000 80,000,000 

Iron ore, long tons 16,950,000 29,662,500 

Coke, short tons 9,927,848 15,258,985 

Naturalgas 12,000,000 

White lead paint, short tons 92,000 8.740,000 

Salt, barrels, 280 pounds ... 12,521,498 5,844,848 

Hydraulic cement, barrels, 300 pounds. . . . 7,694,053 4,597,285 

Clay, refractory, short tons 8,750,000 4,500,000 

Marble, cubic feet 6,942,538 4,086,261 

Phosphate rock, long tons 831,498 2.577,643 

Alum, short tons 75,000 2,225,000 

Roofing Blate, squares 645,861 2,062,239 

Portland cement, barrels, 400 pounds 749,059 1,430,089 

Value of total mineral output $878,881,605 

More extensive, and bringing even a greater incre- 



THE GREAT SEAL ON 

BRITISH PATENTS. 
The letters patent for- 
merly issued by the British 
government were very 
formidable affairs, and in 
the accompanying illustra- 
tions we publish a repro- 
duction of the great seal 
which was affixed to each 
document. The patent it- 
self was a large folio in 
size and printed only on 
one side upon heavy parch- 
ment. The seal was affixed 
by means of a red cord to 
the lower border. This 
was a very beautiful affair, 
and measured 6% inches in 
diameter. On one side of 
the seal is a representation 
of Queen Victoria in coro- 
nation robes, supported on 
either side by female fig- 
ures, presumably Justice 
and Science. On the ob- 
verse side her Majesty ap- 
pears mounted on a charger 
who casts his eyes over his shoulder 



led by an esquire, 
at his royal mistress. 

The joy and pride of the inventor upon receiving 
this imposing document must have been very great. 
The seal usually was protected by a tin box, which, to- 
gether with the patent papers, were inclosed in an 
outer case of leather, the whole weighing about four 
pounds. The practice of affixing the seal to patents 
continued until 1877, when the old act was repealed. 
The government fees alone, at this time, were £25 — 
$125. These fees remained in force until 1883, when 
the act was again amended. Although the old seal 
added dignity to the papers, the public parted with it 
without regret, and the paper seal used now on British 
patents is found to be cheaper, more durable and less 
likely to get out of order. 
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From Ex-Judge NOAH DAVIS, 
March 12, 1896: 

"It has no superior in any of the qualities 
that make up a good dictionary. To these 
qualities ft adds a fund of encyclopaedic 
knowledge which 1 have never before seen 
in such a work. I feel at liberty to give it 
my hearty commendation." 



COST $750,000 

TO MAKE IT 



DO IT NOW 

The phenomenal sale of The Encyclopaedic Dictionary haB puzzled the world and reduced some of our would- 
be competitors to a state of jealous frenzy. The secret of thiB tremendous success may now be told, and in juBt 
two words— un approach! 1I1 le superiority. Five timeB we have advanced our introductory prices, and with 
each advance our saleB were doubled many times over. Why ? Because each delighted buyer became at once a 
living advertisement, and by bis willing and hearty commendation influenced additional orders: otherwise 
the $200,000 we have Bpent in advertising might have been thrown away. A N fcYV, REVISED AND 



From the SCIENTIFIC AMERICAN, 

August 3, 1895; 

" It forms in Itself a library for the busy 

man of affairs, the mechanic ambitious to 

advance himself in his line, or the student 

or apprentice just making a beginning." 



CENTS A DAY 

BUYS IT 



i 



MAGNIFICENTLY ILLUSTRATED EDITION 



.f- : ~---- 
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of tbiB unrivalled self-inBtructor 1b now ready, thoroughly reviBed to June 1, 1896, and printed from new plates 
never before on presB. This new edition is not only a peerless reference work— the only one in the world 
that is strictly up-to-date- but is also a genuine triumph of art. It contains all the newest words, 
phrases and definitions in UBe to-day; alBo, more than 700 superb new illustrations, in seventeen 
colors and in monotone, comprising 54 elegant single and double pagea of engravings the most attractive 
and expensive art work ever made for any reference book; together with other special new features of the 
utmost importance and educational value. These extensive improvements have added thousands upon 
thousands of dollars to an original investment of three-quarters of a million j hence it is not to be 
expected that we can furnish our beautiful new edition for leBB than regular prices-$4i4 to $70 a set. 

Nevertheless, in accordance with our well- 
known and popular methods of introduction, 
we have determined to give Scientific 
American readers one grand opportunity to 
secure this great practical self-educator at less than half price, and upon terms so easy as to place it, for 
the lime being, within the reach of everybody. This is an opportunity not to be neglected by any ambitious 
mechanic, engineer, electrician, machinist, i iiventor or apprentice. Until September 1st only, 
this latest and greatest of all home libraries will be supplied to early applicants on payment of 



eipeuitu mat we can. iuruiBD our Deauxuui new edition ror le 

GREAT SPECIAL OFFER 



^"f QQ WITH ORDER, & "f SQ A MONTH FOR ^ YEAR. 

Total Cost (Cloth style), $ 19.00; Regular Price, $42.00. 



!_ IT IS THE LATEST 



<JU 



The /our massive volumes, * 

substa nt tally b+itnd. eimtain 5868 

pOQfs. 16,000 eolum \..- of clear type 

nuitteTf 260,000 words, So.000 important encyelftpxtdic topics. 

Each volume 9 inches vridt, n% inche* umg. 3 inches thick. 

Weight of Mt, about 40 pound*. 






JUST AS 
THEY LOOK. 



Dictionary in exist- 
ence, and contains 
thousands of words not found in any other reference 
book. Among these are such very recent coinages hb 
"vitascope," " aseptolin," "Roentgen rayB," "Bkia- 
graph,"" fluoroBcope " and scores of otherterms recently 
called into existence by the progress of modern science 
and now forming a necessary part of every 
scholar** vocabulary. It gives the history, deriva- 
tion, spelling, pronunciation and varied meaningB of 
each legitimate English word, past and" present. Com- 
pared with thiB thoroughly up-to-date publication, 
even the latest of other reference works is years 
behind the age. 



IT IS THE BEST 



of all Encyclopaedias, be- 
cause the most practi- 
cally useful, as well as the latest and highest in 
scholarship. Just think of It ! The whole range of 
human knowledge condensed foryour convenient use 
by such world-famoua scientiBtB as Huxley, Proctor, 
Morris, Estoclet and a hundred other educators of hard- 
ly lesB renown. A rime-saver forthebuBy mechanic, 
engineer, electrician or inventor : a brain developer 
for the plodding Btudent : a technical education for the 
ambitiouB apprentice ; an inexhaustible treasure house 
of knowledge foreach member of the family ; a helpful 
companion for the most profound and finished scholar. 
Nothing can fill Us place. 



How to Get This Great Work. 



UNIVERSALLY ACKNOWLEDGED t a h s e ONE STANDARD AUTHORITY. 

We earnestly desire comparison with any and all of the beBt reference books published. This great work easily takes the place of any half-dozen otherB that could be named. It is truly a family necessity. 
Investigate thorough If before you purchase. Note thatour terms give you ten days in which to make a thorough examination. Could anything be more fair ? 

80 Specimen Pages, Beautifully Illustrated, Tree for 10c. to pay Postage. 

B C U C U DC D f This great special offer is made to readers of this issue only. 
II C HI C Iffl PC H 1 An investment aggregating nearly a mill on dollars demands an 
adequate return ; and we cannot afford, even for advertising purposes, to furnish many 
setB of our expensive new edition for leBB than regulai prices- $42 to $70. This an- 
nouncement will not appear agnin ; therefore, act now* or you may lose the 
chance. When ordering pleaBe mention thiB paper. 

SYNDICATE PUBLISHING CO., 

234 and 236 South Eighth Street, PHILADELPHIA. 



Send $1.00, and the entire four handsome volumea, 
bound in cloth, will be forwarded. Every month 
thereafter Bend $1.50 for twelve months, making a 
total payment of $19.00 (regular price of this style, $42.00). If naif-Russia style is desired, the monthly payments are 
$2.00 until $25.00 is paid (regular price of this style $52.50). If Full Sheep style is wanted, monthly paymentB are $2.50 
until $31.00 is paid ^regular price of this style, $60,00). The first payment in any case is only One Dollar. Any 
one wishing to pay ail cash may deduct 10 percent. ThiB allowance is practi'illj cost of keeping the account If pur- 
chased on month Ly payment plan. We always recommend the El n I I- Ktisain binding as the most service- 
able. (When ordering, be sure to mention Btyle binding wanted.) Understand, the complete Bet of four volumes is 
sent after the first payment of $1.00, which gives you the use of them for a year while paying the remainder at the rate 
of only a few cents a day. All freight or express charges must be paid by purchaser. That you will be 
entirely satisfied iB Bhown by our willingnesB to send youa-valuable set of books upon payment of only $1.00. We 
refer to any Hank, miy Newspaper, or any Commcrc Agency in Philadelphia. 

Books guaranteed as represented or money refunded if returned within 10 days. 



UNIT TRANSPORTATION REVOLUTIONIZED. 

Taking it the world over, there is no doubt but that 
the present is the age of the bicycle. The number now 
in daily use is legion. Yet we are 
confident that this increase in their 
use is but the beginning ; the first 
awaking into a realization of the part 
the modern bicycle will yet play in 
the history of the world. 

The growth of cities can even now 
be partially accounted for by the 
vast increase in the use of cycles 
from a utilitarian point of view — why 
not, then, the future growth of em- 
pires? 

Even at the present time, in foreign 
countries where mountains 
must first be overcome be- 
fore fertile plateaus and 
populous cities are reach- ^ 
ed, bicycles are superseding/ 
transportation. In such 




Statistics show that the export shipments 
of bicycles from the United States have in- 
creased wonderfully during the past year 
and — what is more remarkable — into coun- 
tries, where many suppose bicycle riding to 
be yet an unheard of mode of travel. There 
is always a cause and an effect. One cause 
not to be overlooked is the pinnacle to which 
a few Amer- 
ican mak- 
ers have 
raised the 
quality and 
conseque n t 
speed and 
durab i 1 i t y 






other modes 



countries, where imports must first be 





ported in small cases on mule back, bicycles with 
wheels and fittings removed are easily and cheaply 
transferred. In some countries where machinery is un- 
obtainable and it is impossible to make roads of suf- 
ficient width for carriages, paths suitable for bicycle 
riding are being constructed with comparative ease. 



of their cycles. Certain 
American bicycles are 
now in greater demand 
in foreign countries and 
even in England than 
home productions. 

One of the most novel, 
yet popular and satis- 
factory machines, is ma- 
nufactured by the Eagle 
Bicycle Mfg. Co., Tor- 
rington, Conn., U. S. A. 
While in the main their 
machines are similar in outline to other standard bi- 
cycles, extreme fineness in detail construction is notice- 
able ; and, furthermore, Eagle Bicycles may be obtain- 
ed, when ordered, fitted with their patented Aluminum 
Rims. These rims are especially adapted for inner 
tube tires which are easily detached and repaired. The 



rims, while very light, 
are extremely rigid. 
They do not corrode 
and are not affected 
either by moisture or 
heat. 

All tubing used in 
the construction of 
their highest priced 
machines is cold 
swaged, tapered and reinforced at the joints. This 
is an innovation and illustrates the high point of excel- 
lence to which American machines have lately been 
brought. The success of the Eagle Bicycle Mfg. Co. 
has been remarkable. Some of their machines are now 
being used by the mounted police of New York, and 




shipments of Eagle Bicycles with Aluminum Rims and 
Cold Swaged Frames are being made to all parts of the 
world. Their immense factory at Torrington, Conn, 
devoted exclusively to the manufacture of high grade 
bicycles, is wonderful, in view of its special adaptation to 
the purpose, and the costly machinery employ ed.—Adv, 
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SUNSHINE AND RAIN. 

For Latest Improved Meteorological Apparatus, Self-recording 
Anemometers, Automatic Rain and Snow Gages, Barometers, 
Wind Vane Registers, Sunshine Recorders, U. S. Army Signal- 
ing Heliographs, etc., etc., write to 

JULIEN P. FRIEZ, 

109 GERMAN STREET, BALTIMORE, MD..U.S. A. 

(S pedal U. S. Government Contractor.) 

STANDARD Instruments and Apparatus for Schools. Colleges, Observatories, 
State Signal Corps, National Guard and Export. (Catalogue and Price Lists Free.) 

Remember: The Best are the Cheapest, always. 





Photographic 
SunBhine Recorder. 



PRACTICAL WORKING DRAWINGS 



.OF CORLISS AND AUTOMATIC ENCINES- 



from 25 H.P. toSflO >!. P. Both types are now successful If manufactured either S1MPI/E, TANDKM or CROS9- 
00 M POUND, and represent standard practice In the UNITED SSSSfiS. CXHtPEgTM SKTS of BLUli ['ill NTS 
fumielied hy tbe designer and builder, ha^Jn^ 15 years 1 experience; prints show every needed dimension, outrun* 
Uii corrwt, and Jural sued at a. fraction of the cost. GAS ENGINE! Designs and Drawings furnished. 

Address: <:. m, (;1DD1\G>, M.K., idlClii'ilnD, ILL., V, S. A. 



Pocket Presto camera 

I A Photographic 
I Wonder. 

A Midget in a ize, a 
M riant In capacity. 
50 film expoBureB, 
or 4 glass plate ex- 
posures without re- 
loading. Manes big 
pictureB-good oneB 
I too. Size \\i x \\i* 
A REAL POCKET 

CAMERA. 
Rounded corner/B. 
So Simple a Child Can Opci-iiie It . Snapshot 
or Time Exposures. Price, complete, with film and glass 
plate magazines, loaded for 25 exposures, $'2..>0. Illus- 
trated booklet on receipt of Btamp. Sample mounted 
photo free if you mention ' ' Scientific A merican" 

A KINETOSCOPE FOR SI.OO 

Scientific! Simple! Wonderfull PresentB its subjects 
in colors. See Scientific American issue of June 20. vivi- 
scope complete, with one Bet of 6 subjects, express pre- 

gaia to any United States address, $1.25. Extra Viviscope 
ubjects,price per set of six, 25 cents. J3TAgents wanted 

E. B. KOOPMAN, Sole Manufacturer, 

35 S. WILLIAM ST., NEW YORK. 




THE NEW BRISTOL < Ol YJ I I£ 




ReglBterB an accurate account of work done on printing 
preBBeB, grain tallieB, weighing, measuring and other 
automatic machines. CountB up to 1,000,000 and repeats 
automatically. Simple, accurate, durable. Special count- 
ers to order. tt3F° Send for circular. 

C.J. ROOT, Bristol, Conn.. V. S A- 




THE POCKET BIJOU 



takes 25 exposures with one loading. Size of photo, 2x3 
inches. Size of camera, 2%x3x 4*4 inches. Achromatic 
Lens. Time and instantaneous shutter. Every camera 
tested and warranted. Local and traveling agents 
wanted. 

MILWAUKEE CAMERA CO., Milwaukee, Wis. 



OD I U II C D made to attach to any 

/M 11 1 H U t It B' z e or make or pump- 
(ins wind mill, and erind nil kinds of 
grain- A wonderful machine. Also 
manufacturer of Steel Wind Mills. 
E. B. WINGER, Station R, CHICAGO. 




JB Machined 

UMNO F 00t a nd Hand Power. 

Agents Wanted in Every County. 
KS. 2623 Colerain Ave. CINCINNATI, 0. 




BALL BEARING RING 

b>n. WDRH WHfH * Iff TIM 

.MaLr-i wilinf i plcalurr. tt- 



GrctlHt 

Intention 
at ol German Silvr 



effort. The hind ,_ 
out Iriclion. Thousands told. 
35c. Send 2 dimes and 5 lc sumpj, 



SPECIALTY NFS. COn 406* mUDoitairt. Kjrm* Gin, Mo. 




Well Drilling Machines 



" rtt-llrt »» SELF-CLEANINO TOOLS. 
wlllw Drills 100 to 500 feet deep. 

"ADVAlVf^P" Mounted Steam Rig, 
rtUYAl^VC usesropetools,i 2S oit: 

DRILL tit KIlNG to a, 000 feet deep! 
"CI IPPFP " MOUNTED, STEAM, 
WI -'" r *-« 1 >- Rope tools so to 300 ft. 

"TIFFIN" BORES WITH AUOERS 

an ■ Hi 5 in. to 44 >n. diameter. 
LOOMIS& NYHAN, TIFFIN, OHIO. 



■MitliTNCreUTXCRS 
"in *« a sTeTt v — 



CENTRE 51 NEW VORK. ^ 



la. 



Chicago School of Science 
National Medical College 
Chicago Law School 



For catalogues 
address: 

J. J. TOBIAS, 

116 Dearborn 

Street, 

CHICAGO. 



jjhe (poitae ;Btctjc le. 

A STRICTLY HIGH GRADE WHEEL. 

SUPERIOR MECHANISM 

flRSTCLA6S WORKMANSHIP 



MANUFACTURERS. 

50.WESTST.SYRACUSEN.YlS: 



L'A'WEIGHT 21 Ltt i 



WE ARE BUILDING 



The Celebrated- 



HORNSBY-AKROYD 

*— OIL ENGINE 

The Oe La Vergne Refrigerating Machine Co. 

foot E. 138th Street, new YORK. 




HAHN'S IMPROVED 

Watchman'sTime Detector 

This Clock is adapted for 6 or 12 stations. 
The registering isdonebynumbers rang- 
ing from 1 to 6 and lto 12 For circulars, 
A. Nanz & Co, 116^ Cbambers'St., N Y. 



TO INVENTORS 
TO CHEMISTS 



Wanted, a mailable specialty that 
will pay to advertise. 

Bux ?(>. Lowell, Muss. 



If cjuiir Bicycles for a Llvhur.— Yourboy'B hobby 
mar be mechanic s; tf_g o, get him the pro per coole. 

Ac ^» M m 

Here is a bicycle rcrjjjiLr out Mt complete, llliia. catalogue 
of tools for Btamp. Fred. Erases Co.* 21 Warren fit, N+? . 



ROBINSON 
PATENT 
GRINDING 
MILL. 

BEST IN THE 
WORLD. 



Grinding Corn, Corn 
Cob, Oats, Spices, 
Cake, Glue, Sugar, 
Corn Hulls, etc. 

Capacity 3000 to 5000 pounds 
of feed meal per hour. 




ESTABLISHED 1825. 



m 

MANUFACTURED BY 

MUNSON BROS-, 

UTICA, N. Y., U. S. A. 




HINTS TO CORRESPONDENTS. 

\imiipn and AddrpMM must accompany all letters 
or no attention will be paid thereto. This iB for oiu 
information and not for publication. 

ltd on* lives to former articles or answers Bhould 
give date of paper and page or number of question. 

Inquiries not ant^wereum reasonable time Bhould 
be repeated ; correspondents will bear in mind that 
some answers require not a little research, and, 
though we endeavor to reply to all either by letter 
or in this department, each must take hiB turn, 

It 11 j en wishing to purchase any article not advertised 
in our columiiB will be furnished with addreBBeB of 
houBeB manufacturing or carrying the same. 

Special Will to 11 Information on matters of 
personal rather than general interest cannot be 
expected without remuneration. 

Scientific American Supplements referred 
to may be had at the office. Price 10 cents each. 

Hook* referred to promptly supplied on receipt of 
price. 

II i ii ersi U sent for examination Bhould be distinctly 
marked or labeled. 



(G899) H. H. B. asks: 1. How many 

feet of No. 30 German Bilver resistance wire would it 
take to reduce a current of 20 cellB Mesco dry battery (in 
BerieB— about 6 ampereB with a potential of about 30 
volts) to nsoo-n of an ampere, and about what would it 
cost? A. Approximately. 320,000 feet. You would do 
much better if you would employ some other type of re- 
sistance, or if you would uBe finer wire. Thus one fourth 
of the above length of No. 33 wire would answer. 3. 
What is the beBt mixture with which to launder col- 
lars and cuffs and BhirtB ? A. It is more a matter of 
manipulation than of Btarch. You may add a little 
paraffine wax. A Bad iron with an irregularly roughened 
surface is used. 3. What would be a good colorleBB 
enamel or lacquer ? A. Celluloid varnish iB probably the 
best colorlesB lacquer, although white Bhellac anBwerB 
very well. The formula for colorlesB lacquer wonld de- 
pend upon the metal, etc , to which it iB to be applied; 
no general formula. 4. How can we get rid of thoBe 
Bmall red spiderB that Btay in the woodwork of a house ? 
A. Try uBing borax around the cracks; it iB doubtful if 
anything will be very efficaciouB. 5. How muBt I charge 
the induction coil described in " Experimental Science'"' 
to get a 5 inch spark ? A. Make it twice aB large in itB 
lineal dimensions, and wind secondary in six or more 
sections. 

(6900) G. C. W. writes: I have 25 cells 
of storage battery vhich T wish to charge and use about 
10 hours a day. I also have a 110 volt direct current 
line at my disposal. Ib it the beBt to connect the cells all 
in Beries, and then in Beries with a 110 volt lamp, and let 
it charge while UBing, or would it be better to put a 50 
volt lamp in BerieB? The reason I wish to use the Btorage 
battery is to get a Bteady current; the charging current 
varieB at times. If neither of the wayB is correct, please 
dvise what iB beBt. A. The lamp will cut down your 
urrentagood deal, leaving you about half of an am- 
ere of charging current when connected with the bat- 
tery. This will make the charging very Blow. Other- 
wise the arrangement will work. AlwayB charge in 
series. 

(0901) H. B. L. says: Will you kindly 

advise me through the columns of the Scientific 
American aB to the beBt paste to use for attaching paper 
labels to tin? I am now using a paste, the baB.B of 
which is dextrine, but it leaves the edges Bticky, and a 
preliminary application of acid is necessary. A. 1. 4 
partB shellac, 3 partB borax; water, 30 partB ; boil until 
the shellac is dissolved. 3. Add 4 ounces dammar var- 
nish to 1 pound of tragacanth mucilage. 3. Balsam of 
fir, 1 part ; turpentine, 3 parts ; use only for varnished 
labels. 4. Butter of antimony is good to prepare the tin 
for the label. 5. Venice turpentine added to good starch 
paste makes an excellent mounting medium. 6. Use 
liquid glue or glue dissolved in acetic acid. 7. Add 1 
ounce of tartaric acid to each pound of flour used in 
making flour paste. 8. Add 10 per cent flour to traga- 
canth mucilage. 9. Corrosive sublimate, 135 parts ; 
wheaten flour, 1 000 parts; absinthe, 500 partB ; tanBy, 500 
partB ; water, 15,000 parts. This cement is useful for 
vessels which are kept in a damp place. 10. Starch, 100 
partB ; Btrong glue, 50 parts ; turpentine, 50 parts ; the 
whole boiled in water. This cement dries quickly. 

(6902) G. J. O. writes: I would be 

pleased to have you inform me of the method or process 
of amalgamating zinc properly. A. If you will rub on 
mercury with a Btrip of zinc used as the rubbing tool 
having scraped your zinc surfaces and dipped them in 
weak acid, you Bhould have no trouble in uniformly 
amalgamating them. You may try dipping in an acid 
solution of mercury, nitrate or chloride (corrosive Bub- 
limate), or Bimply rub the clean zinc wet with acid with a 
lump of corrosive sublimate. The latter is a most dan- 
geronB poison, and rubber gloves should be worn in UBing 
it, and if there is any cut on the hand, do not attempt the 
process described. 

(6903) J. H. G. asks(l) how to make a 

good cement for hard rubber. A. DiBBolve bleached 
gutta percha in carbon bisulphide. Cement, and when 
dry brush over carbon bisulphide in which sulphur haB 
been dissolved, or take equal parts of pitch and gutta 
percha melted together, and linseed oil is added, which 
contains litharge. Melt until all are well mixed; use no 
more of the linseed oil than necessary. Apply warm. 2. 
If the voltage of an induction coil 1b known, how can 
the length of spark be found ? A. As an approxima- 
tion allow 10,000 volts to one-tenth inch. 3. How can I 
make a heavy white smoke which is not poiBonouB? A. 
Mix hydrochloric acid vapor with vapor of ammonia, or 
uBe Bteam. The latter, except for its dampneBB, 1b the 
moBt satisfactory on + he large Bcale. 

(6904) H. S. H. says: Will you please 

inform me where I can get information in regard to var- 
niBhing maps and drawings or, rather, preparing for var- 
nish ? A. Stretch your muBlin (ordinary cotton stuff) on 
a wooden stretcher by meanB of tacks, coveryour map on 
the back with an even and thin coat of good boiled 
Btarch or flour paBte or other sticking materials, no mat- 
ter what, if it only BtickB. Lay the map on the cloth, 
only taking care to do this smoothly and to avoid 



wrinkles ; rub it evenly down after temporarily covering 
the place you rub with a piece of clean paper, bo aB to 
avoid friction over the map itself. Let it dry, and the 
work is done. In order to avoid wrinkles, it is quite es- 
sential to let your paper map, after being covered with 
the Btarch paBte, Boak for a few minutes, so as to give 
the paper a chance to expand from the moiBture. It will 
then, while contracting from the drying, obtain a very 
smoothly Btretched Burface. BookbinderB alwayB care- 
fully observe this when pasting papers on book covere, 
etc. When dry, size with a weak solution of gela- 
tine tx id then varnish. A good varniBh for paper and 
mapB iB made with gum maBtic, 6 partB ; sandarac, 3 
parts ; dissolved in a mixture of 3 parts turpentine and 
32 partB of alcohol. These ingredientB, with the excep- 
tion of the turpentine, are placed in a tinned copper ves- 
sel, in a bath of hot water, and are stirred for several 
hours until the gumB are dissolved; the turpentine is 
then added and the Btirring continued an hour longer, 
after which strain the varnish and set it aside for UBe. 

(6905) J. H. G. says : I wish you would 

give a receipt through your valuable paper to make an 
amber oil varniBh, Bame aB the best violin makers use. 
AIbo how to apply same. A. The true Cremona varnish 
iB of unknown formula; its preparation is a lost art. 

Amber, f UBed 2 oz. 

Oil of turpentine 5 w 

Drying linseed oil 5 " 

The following iB for a Bpirit varniBh : 

MaBtic 1 dr. 

Sandarac 1 h 

Lac Q% " 

Alcohol 5 fl. oz. 

To tinge with yellow, annatto, aloeB, gamboge, or tur- 
meric may be UBed ; for red, dragon's blood or red Ban- 
derB wood. By mixing the above, intermediate shades 
may be obtained. The formula is only half the art; 
much depends on the application, treatment between 
coats, etc. It Bhould be done by an expert. 

(6906) S. F. says : Can you give me a 

table which will Bhow how far a Bafety bicycle will roll in 
feet with each revolution of the crankB ? 
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(6907) J. L. Q. says: Will you kindly 
informmehow to make and what different articles to 
use to make carton pierre Buch aB iB used in the manu- 
facture of ornamentB for picture frameB? A. The fol- 
lowing iB a formula for such a composition : Glue, pre- 
viously diBBolved in water, 13 parts ; pulverized litharge, 
4 parts ; white lead, 8 parts ; plaster of PariB, 1 part ; 
very fine BawduBt, 10 partB. Oil the mouldB in which it 
is cast to prevent adhesion. 
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Marine Iron Works. Chicago. Catalogue free. 

Cheap 2d band latheB & planerB. S. M. York, Clev'd, O. 

Concrete Contractors— Make more money by extend- 
ing your buslnesB. Investigate RanBorue'B Concrete 
Construction. Liberal terms for exclusive rigbtB. Ban- 
Bome & Smith Co., 758 Monadnocb Block, Chicago. 

*' I*. S." metal polish. Indianapolis. SampleB free. 

PreBBeB & DieB. Ferracure Mach. Co., Bridgeton. N. J. 

Handle&SpokeMchy. Ober LatbeCo„Chagrtn FallB.O. 

Cheap 2d hd engines & boilerB. S. M. York, Clev'd, O. 

Carpenters -Make more money. Investieate Ran- 
Sime'B Concrete Construction. EuBily learned. Liberal 
termB for exclusive rights. Ransome & Smith Co., 758 
Monadnock Block, Chicago. 

Screw machines, milling macmnes. and drill preBBeB. 
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The celebrated " HornBby- Akroj d " Patent Safety Oil 
Engine Is built by tbe De La Vergne Refrigerating Ma- 
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some'B Concrete Construction. EaBily learned. I iberal 
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tricity Ib "Experimental Science,"'by Geo..M. HopkinB. 
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Young Men seeking a profitable busineBB Bhould In 
vestlgate Ransome'B Concrete Construction. EaBily 
learned. Liberal termB forexcluBive rights. RanBome 
& Smith Co., 758 Monadnock Block, Chicago. 

Manufacturing Invited.— Parties with paying ar- 
ticles for manufacture needing additional capital and 
location, write Secretary Board of Trade, Tidewater, 
Pa. No boomerB ; no experiments ; only practical buBi- 
neBB now paying, or which can be made to pay, a rea- 
sonable per cent, on investment deBired. 

General Contractors— Make more money. Investigate 
Raneome's Concrete Construction. Easily learned. Lib- 
eral termB 'orexcluBive riehtB. RanBome & Smith Co., 
758 Monadnock Block. Chicago. 

ff^'Send for new and complete catalogue ot Scientific 
and other Books forBale byMunn & Co.. 361 Broadway, 
New York, Free on application. 
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J. A. FAY & CO., 

549=569 W. Front St., Cincinnati, O. 

MANUFACTURERS OF 

Wood Working Machinery 

OF EVERY DESCRIPTION. 

HIGHEST CLASS. LARGEST LINE. 



CAR SHOP TOOLS 

A LEADING SPECIALTY. 



American Agents for 

Perin's French Band Saw Blades. 



No. 20, Rapid-Acting Flush Vise for Woodworkers. 




10 INCH JAWS, OPENS 12 INCHES. 

WEIGHT 36 LBS. 

Write for prices and discounts. 



Rapid-Acting VISES 

and SPECIAL MACHINERY, 
vv. c. tol,es «& co., * 

90-92 Illinois Street, Chicago, III. 



GEAR CUTTING « * * 

GEARS AND SPECIAL MACHINERY MADE TO ORDER. 




We Carry a Complete Line of IHcycle Fittings. 
WRITE FOR PRICES. 

JOHN GRANT CO., 39 " 43 "i»°" 




mood Working 
machinery---- 



FOB 

Pinning Mills, Carpenters, 

Builders, Furniture, Chair, 

Vehicle, Wheel and Spoke 

Makers, etc. 

Correspondence Solicited. 

Illustrated 312 pajje Catalogue 
free to manufacturers and fore- 
men. 

THE EGAN CO., 

441 to 461 W. Front Street, 

Cincinnati, Ohio. 



AMERICAN STEAM GAUGE COMPANY 

(ORIGINAL STEAM GAUGE CO.), 

Sole Manufacturers of the 

erlcau TtLompson ImDroved Indicator, 

adopted by the IT. S. Nav* aa the 
standard. Also manufacturers of 
BOURDON STEAM GAUGES 

With Lane's Improvement. 
Ammonia Gauges, Water Gauges, 
Gauge Cocks, Revolution Count- 
ers, Clocks, etc. Also American 
Pop Safetyand Water Reiief Valves 
New York Branch: 
'61 Beekman St., N. Y. City. 
^Westfb Branch: 16 N. Canal St., Chicago 
Home Office and Factory : 
34, 36, 38 Chariion Street, Boston, Mass. 




TO INVENTORS. 

An experience of nearly fifty years, and the preparation 
of more than one Hundred thousand applications for Da- 
tents at borne and abroad, enable us to understand tbe 
laws and practice on both continents, and to possess un- 
equaled facilities for procuring patentB everywhere. A 
synopsis of tbe patent laws of tbe United States and all 
foreign countries may be bad on application, and persons 
contemplating the securing of patents, either at bomeor 
abroad, are invited to write to this office for priceB, 
which are low, in accordance witb the times and our ex- 
tensive facilities for conducting the business. Address 
MUNN & CO., office Scientific American, 361 Broad- 
way, New York. 



Skinner Chucks 

Independent and Universal 
Chucks, Combination Lathe 
Chucks, with patent reversible 
jawB, Drill ChuckB.Planer Chucks 
and Face Plate Jaws. 

Send for Catalogue '* S. A." 

SKINNER CHUCK CO., 

New Britain, Conn. 

91 Reade Street. New York. 




INDEX OF INVENTIONS 

For which Letters Patent of the 
United States were Granted 

July 7, 1896, 

AND BACH BfiARtNO THAT DATE. 

[See note a tend of list about copies of these patents.] 



.... 563.436 
.... 663,612 
.... 563,477 

....663,705 



Acid K, amidonaphtboldlsulfo, Krecke & Rosen- 
Adding machine, F. Wendt 

Air brake, W. K. Omick 

Air compressor, J. C. Gltbens 

Alarm. Hee Burglar alarm. Fire alarm. 

Amalgamator, E. S. Bennett 

Animal trap, C. L, Parker 

Annealing metals. H. K. Jones 

Annunciator and fire alarm, combined, M. Garl . . . 663,269 
Apron clamp and whip socket, combined, H. 

Ebert 563,363 

Army accouterment, W. 8. Oliver 563,404 

Athletefe supporter. J. J. Pflster 663,408 

Axle,hall bearing, A. C. Farnsworth 663,466 

Axle boxes and apparatus therefor, manufacture 

Of, S. Fox 563.470 

Bag tie. C. N. Richardson 663,41* 

BakinRpan. W. H. Mullins 663,675 

Baking powders, air tight package f or, C. Fricke 

Baling presB, B. F. Alter 

Baling press. J. M. Bishop 

Baling press, A. L Cox 

Bark rossing device, A. M. FOBter 

563,672 



563,351 
663,720 
563,530 



Basin, etc., wash, C. H. Moore. 
Battery. See Storage battery. 

Bearing, roller, Bender & Mueller 

Bearing step, ball, W. H. Rook, Jr 

Bed. table folding, Vocke &Lungstra8 

Bed clothing, device for airing, Merrill & Butler. 
Bedstead brace and mattress support, J. D. Wilt- 

fong 

BellB. bridgirg. C. E. Scrlbner 

Bib, A.J. Birney BG3LJB44 

Bicycle, C. K. Martin 663,293 

Bicycle bearing cleaner, J. M. Lewis 66MGI 

Bicycle brake, S. F. Wilcox 663.632 

Bicycle lock. C. G. Morgner 663,396 

Bicycle reBt, H. H. Covert 563,570 

Bicycle tool box and Beat, F. Whitney &63J&8 

Billiard chalk holder, F . V . Noyes 563,403 

r IVnohlo Eflrj E» 



663,633 
563,316 



563,537 
663,696 
663.642 

663,513 



.663,651 
. 563,707 
. 663,70(1 
. 663,381 
. 563^25 
. S6M88 
. 563^62 
. 563,276 
. 263,464 
■ 663,597 
. ofiS, 713 
. 663,339 
. 663,068 
. 663,460 
. 663,96! 



Billiard cue tip faBtener, W. Woeble 

Binder, temporary, J. W. Wood 

Binding implement, C. E. Allsbouse 
Blower, carbureter, G. H. Burrows. 

Boat. W. H. Mullins 

Boiler. See Steam boiler. 

Boiler flue cleaner, G. c. Brooks. . . 

Boiler flue cleaner, C. B. Calder 

Book, check, W. W. White 

Book leaf bolder, N. A. Judd 

Book, memorandum, F. J. Wende... 
Boot or shoe Btretcber. .1. C. Green. . 

Boot tree, Mobbs & Lewis 

Bottle, W. A. Hubener 

Bottle filler, W. H. Fahrney 

Bottle, mucilage, D. B.Jones 

Bottle, non-refl liable, A. Friedman. 
Bottle, non-reflllable. E. J. Watts. . 

Bottle stopper, W. K. Cook 

Bottle Btopper, W. M. Fowler 

Rowling alley, F. G. Dokkenwadel. . 

Box. See Knockdown box. 

Bracket. See Stage bracket. 

Brake. See Air brake. Car brake. Fluid pressure 

brake. Wheel brake. 

Brake beam. F. L. Lamkey 666.264 

Brake shoe, W. A McGuire £63,897 

Brick or building block. Woods & Ruebsam 563.351 

Brick or tile cutting machine, J. Sensing . 663,352 

Buffing wheel, W. H. Divine 663.469 

Building construction, T. Jones 663,276 

Buildings, construction of, J. T. WIlBOn. . . 663.529, 663,530 

Burglar alarm. W. II. Beiff .. 863,61) 

Burner. See Hydrocarbon burner. 

Butter worker, W. F. Waters 663.698 

Butterfly, artificial. M. S.Johnson 663,(89 

Button.W. B.H. Dowse 663,460 

Button, collar, B. W. Creecy 663,452 

Cable hanger, A. 8. Dlehl 663,263 

Cable terminal attachment, A. T. Welles 563,342 

Calcium compounds, producing, T. L. Willson 663.527 

Calendar for watches or clocks, perpetual, J. D. 

Faiel 663,268 

Calling apparatus. Individual, W. W. Alexander.. 663,362 

Camera, magazine, C Umb.cn,, 663,697 

Can. flee Key opening can. 

Can cleaner, IT. McCnrliack 563,505 

Can cover, milk. '£. W. ForBter 663,669 

Can beads, die for making, A. F. Bemy 563,688 

Canopies, folding frame for supporting, T. It. & 

E. L. Helntz 563,375 

Cap, J. Kornfeld 663.280 

Car brake, Btreet, C. W. Carter 563.446 

Car construction, C. W. M. Smith 563,423 

Car coupling. J. C. Look 663,389 

Car coupling, L. L. Moore 563607 

Car coupling, C. Perkins 663,406 

Car coupling, D. J. Scbulte (reissue ' 11,666 

Car draught rigging, railway, F. L. Lamkey 663,283 

Car fender, B. C. Hoyer 663,594 

Car fender and brake, J. Matsinger 663,606 

Car fender, automatic, D. Bentley 663,642 

Car fender, safety, W. H. Bell 663.439 

Car roof, L. C. Marshall 663,718 

Cars, combined fender, brake mechanism and . 

trolley arm operating 'device for, W. Walter... 663.338 

Cars, power gearing forelectric, E. A. Sperry 563,425 

Carbureting watergas, method of and apparatus 

for, B. Norrls 663,800 

Cards, playing, C. B. Bosenberger 6631619 

Carpet beater, Kent & Clark 663,696 

Carpet sweeper, F. C. Curry 663,T10 

Carpet sweeper, C. King 663,388 

Carriage, child's, G. S. Colbum 663,667 

Case. E. J. Fletcher, 



Cattle guard. J. W. Wlnget 663,834 

Chandeliers, oil cutoff for telescopic, F. Bbind... 663,413 
Chimney thimble, C. F. Green 663,587 



Chuck for bit stocks, tool holding, A. D. Goodell.. 
Cigar branding and cutting machine, A. Schwarz. 
Clamp. A. S. Hill 



663,372 



Clamp. See Apron clamp. Bope clamp. 
Cleaner. See Boiler flue cleaner. Can cleaner. 

Clock pendulum, C. M. Bhodes 663,618 

CloBUre, Lambert & Hoffman 563,667 

Clothesline prop, B. W. Anderson 563,248 

Clutch, friction, A.Harvey 663,275 

Condenser, air cooled, Calrd & Bayner 663,655 

Conduits or pipes, apparatus for threading, T. J . 

Cope 663,360 

Confectionery machine, J. Smith 563,330 

Cordage and braiding machine spool carrier. J. 

McCahey 663,296 

Cordage and braiding machine stop motion, J. 

McCahey 663.295 

Cotton cleaning and bat forming apparatus. W . 

A.Patterson 563,719 

Couch, folding, J. L. Firm 663,580 

Coupling. See Car coupling. Locomotive pilot 

bar coupling. 

Crane, F. N.Connet 663.258, 563,259 

Crane friction gearing, T. wbitaker 563,344 

Crutch, G. D. Burdick 663,368 

Cultivator Bbie Id, corn, .7. A. Rekenthaler 663,506 

Curling iron, C. W. Ma)o r 563,231 

Certain pole and hanger. J. H. Hilliker 563,592 

Curtains, etc., device for raising or lowering, J. 

H. Nltzscbe 663,299 

Cut out, circuit re-establishing, Tucker & Love- 
ridge 663.335 

Cutter. See Potato cutter. 

Dental Bplttooc, F. Hurlbut 663J64 

Desk, school, Z. Baber 663,668 

Dispatch tube switch, L. G. Bostedo 56&!&60 

Dish drainer, W. B. George 669,369 

Dock bents, etc., device for use in erecting, M. J. 

Peppard 563,405 

Door, combination screen and storm, J. Branca. .. 563,649 

Draft, bank, M. M. Kallman 563,490 

Drier. See Garbage drier. 

Drler.F. J. Wing 663,348 

Dry Bin, a.T. Beats 563,404 



IHarM' P atent Httificial Pjitibs 

Have been indorsed by the Scientific American 
from 1853 to 1896, as illustrated below 



They have stood the tests of 
nearly half a century. 

They are to=day pre-eminent 
throughout the world. 

NEW PAT ENTS OF 1895 A ND 
MPORTANT IMPROVEMENTS. 




Marks' Patent Artificial Limbs with 
Rubber Hands and Feet are Natural in 
Action, Noiseless in Motion, and the 
MostDurable in Construction. 

The use of rubber hands and feet on 
artificial limbs simplifies the construc- 
tion, so that limbs can be worn for many 
years without requiring repairs. Per- 
sons engaged in every conceivable occu- 
pation operate with tbem to great ad- 
vantage. 

Over 17,000 in use, scattered in all 
parts of the world. Eminent surgeons 
and competent judges commend the 
Rubber Foot and Hand Tor their many 
advantages. At every industrial exhi- 
bition where exhibited they have re- 
ceived the highest awards. They are 

indorsed and purchased by the United States and Foreign Governments. A treatise, containing 430 
pages, with over 300 illustrations, sent free. Also a formula for taking measurements by which limbs 
can be made and Bent to all parts of the world, with fit guaranteed. Address 

A. A. MARKS, 700 BROADWAY, NEW YORK CITY. 



STAR po°«° e t r LATHES 



9 and 11 inch Swing. 
Complete 

Screw Cutting 

Engine Lathes 

With Automatic Cross Feed. 

Contain New and Original Features, especially 
adapted for 

Tool Room, Bicycle, Electrical and Accurate 
riachine Shop Service. 

|y SEND FOR CATALOGUE B. 

SENECA FALLS MFC. CO., 
695 Water St., Seneca Falls, N. Y. 
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On receipt of 81.25 we will send by Mall or Ex- 
press prepaid our No. 1 Hand Drill. The nickel 
plated steel chuck has three jaws and will hold 
round drills of all sizes up to A inch. Tno head 
and handle are polished Cocobola, The head is 
hollow and contains six drills of various sizes. 
The cut gears are speeded 4 to 1. Length eleven 
inches, weight twenty ounces. We guarantee 
this to be the handsomest and best Hand Drill ever 
put on any market. 

MILLERS FALLS CO., 

93 Reade Street. . NEW YOltK. 

STAR • SAWS 

We supply the greater part of all the Hack Saws, 
which are used in all Countries. One saw which costs 
six cents, will cut off an inch square bar of iron two 
hundred times without filing. All hardware and supply 
stores will furnish these Star Saws on request. 

MILLERS FALLS CO., 
03 Keade Street, - - NEW YORK. 



THE WALKER UNIVERSAL 

TOOL and CUTTER 

Grinder 




GOULD & EBERHARDT, S.TOJ* 
SHAPERS 




eherhardt's patent. 
New Extension Base and Extra Support 

12 in., 14 In , 16 in., 18 in , 20 in., 24 in., 2C In., 28 in., 32 in. 
JOHN LANG & SONS, Johnstone, Scotland, 

Sole Agents on Gear Cutters for Great Britain. 

General Agents : 

SClMClWrill & SCQulIG $17 BreitegaBse* Vienna, Austria. 



PITTSBURGH OFFICE, 701 FERGUSON BLOCK, 

119 THIRD AVE., PITTSBURGH, PA. 

NEW YORK STORE, 10 & 11 HAVEMEYER 

BUILDING, 26 CORTLANDT ST., N. Y 

Chicago Store, 1 32 Lake Street. 

ALUMINU 

Ingots, Plates, Bars, Sheets, 

Wire, Tubes and 

Castings. 



§3P Send for Catalogue. 

EMERY WHEEL CO. 

Worcester, Mass. 



Boiler Oil and Compound Injectors. 

Feeds constantly by the drop, Oil or 

Compound, into feed water while boilers 

are in operation, positively removing and 

preventing scale in steam boilers. The 

only machine upon the market used in 

Sugar UeHneries, Breweries, Steamships, 

where steam is used for cooking, etc. 

Patentee and Manufacturer, 

WILLIAM BRAMELD 

Pateraon. N. J„ U. S. A. 



1 



The Perfect Milk TCOT is a boon to 
farmers, dairymen I CO I and house- 
holders. Particularly useful for testing 
the value of each cow. VflllR child 
can operate the test, and I U U H tell 
accurately the quality of the milk. All 
those who are interested in Ull V 
should have one. Only40cents IffllLIV 
by mail: less forquuntitv. Agents wanted* 

TATNAL.L MFG. CO., 
712 Market St., Wilmington, Del. 



STANDARD TOOL CO., CLEVELAND, O., U. S. A. 

TWIST DRILLS OF ALL STYLES. 

Use nothing but STANDARD. Ask dealers or write us. 



BIG 




and big salaries depend on a man's abili- 
ties. They depend on what he knows. 
The men who work the longest hours and 
get the smallest pay are those who put 
their brains to the least use. 

There are three pursuits in which the * 
wages and salaries are liberal to bright g* 
people. These people are skilled mechan- C* 
ics, engineers and machinists. The more k^ 
they know, the more pay they get. £ 

Lord's Power and Machinery Magazine * 
will teach ambitious workmen the most g* 
valuable lessons. It will be worth more ^ 
to them in one month than it costs for five f^ 
years. It covers most thoroughly the en- m, 
tire field of mechanics, engineering and 
machinery. Published monthly for $1 a 
year. Send 10 cents for a sample copy. 



GUILD & LORD 
618 Atlantic Ave., Boston, Mass, 




THE 



Huston Patent Boiler Brace 

Jl m f ,s 

pressed from a solid piece of best Flange Boiler 
Steel. No welds, stronger, stiffer and lighter tban 
iron. I. likens Iron tfc See si Co., Coatesville, Pa. 
Phlla. office. 4 8 Bullitt Bldg. N. Y. omice,29 B'Wiiy. 

WRITE FOR CIRCULAR. 



SILAS HOWE. 
Pres't ana Tress. 



ENOCH PETERSON, 

Floe Pres't and Sna'f. 



Tin f i D. Gibson Conpy 

Mitnut ju;t Lirers of Superior Grades of E very 
Dtiscri pti On of 

[SPRINGS 



BICYCLE 

STEAM ENGINE AND VALVE . . 
ELECTRICAL MACHINERY f, 
AGRICULTURALMACHINERYj I 

Special Springs for all purposes made to order. 




Mechanical experts requiring Springs would do well to 

correspond with us. 

12 & 14 SOUTH JEFFERSON ST., CHICAGO, ILL. 



TUB Best Metal Polisl E?er Offered to tie Public. 




BECAU*E-Tt will hold 

its luster longer than any 
other. It will polish any 
metal that will take a finish. 

It will polish hot metal as 
well as cold. It will work In 
January as well as in July. 

It contains nothing in- 

JurinuH to metal or hands. 
t works quicker and easier 
than any other. It takes less 
of it to produce a polish 
than with any other. Man- 
ufactured by 



J. Ii. ROBIXSON Sc CO., 



Pittsburg, Pa. 




Emerson Power Scale 

Determines the amount of power that an engine 
or water wheel is capable of developing. Determines 
the amount of power transmitted by belt or other- 
wise from engine to shaft, or from one shaft to an- 
other, or the amount of power required to drive 
any one or more machines. 
The force of power transmitted is actually WEIGHED by 

this Scale, the same as a load of coal or a barrel of sugar is 

weighed by the ordinary platform scale. 

A Regular Compound Lever Scale. No Springs or Friction Attachments. 

SEND FOR CATALOGUE. 

THE FLORENCE MACHINE CO., Florence, Mass., U. S. A. 



Drying kilns, teatlnc system for, A. T. Bomfs 563.&11 

Drying rack, J. Marshall 563,605 

Drilling machine, C. H. Baush 563,545 

Drinking vessel. II. Bauer 593,640 

Dust collector, J. M. Case 563,709 

Dye, azo, Krecke & Rosenberg 563,383 

Dye, blue tetrazo. Krecke & Rosenberg 563,385 

Dye, disazo, Krecke & Rosenberg 563,3M 

Dye, greenish blue tetrazo, Krecke & Rosenberg.. 6*>3,3S6 

Dyeing apparatus, C. Corron 563,5651 

Dj namo brush, arc. H. H. Wait 563.337 

Electric cable. r.Guilleaume 563,274 

Electric generator, magneto, A. G». Leonard 563,599 

Electric heater. T. (irutting 5(S' 715 

Electric machine, magneto. Crouse & Milgate — 563,453 
Electric machines, automatic current regulation 

of dynamo, * . H. Loveridge 563.390 

Electric motor. B.J. Berg 563,440 

Electric motors, reversing controller for. A. C 

Dinkey 563,575 

Electric switch, C G. Perkins 563,407 

Electrical connector, B. L. Toquet 563.695 

Electrical distribution system, C. P. Sleinmetz... 563,426 
Electrical Instruments, contact point for. C. E. 

Scribner 663,326 

Electrical production of chemical reactions, W. 

Lobach 663.288 

Electrical selector, S. S. Bogart 663,443 

Elevator. 8ee Water elevator. 

Elevator controlling valve. W. W. Doollttle 563,266 

Elevator stop, W. W. Doollttle 563,267 

Engine. See Gas engine. Gas, oil or vapor en- 
gine. Gas or oil engine. 

Fare register, C. L. Logan 563,289 

Faucet or tap. J. Paulus 563,307 

Fence, J. N. Young 563,653 

Pence, portable. J. Wolf 663.350 

Fence, wire. H. P.Sandoe 683,509 

Fender. See Car fender. 

Fender and automatic brake mechanism, R. Mar 

quart 

Filaments, bull dlDff up carbon, F. S. Smith 

File, prescription, W.H. Stoffregen 563,517 

Filter, L.J. & A. L. Barthelemy 563,639 

Filter, O. E. Meyer 563.392 

Filter. J. M. Wells 563,523 

Fire alarm, automatic, J. W. Frost 663,474 

Fish trap, Broekelmann & Buckler 563,356 

Fluid pressure brake, automatic, A. H. Moyes — 563.673 

Fly screen, T. H. Scbuetz 663,314 

Furnace. See Glass tank furnace. 

Furnace for hot water beating systems, C. S. 

Faurot 563.366 

Fusible Joint, H.T. Moody 563,394 

Gage. See Packing cutting gage. 

Game apparatus, R. M. Nachmias 663,507 

Game counter. K, Hayden 563,662 

Game device, W. B. Seward 663,419 

Garbage drier or carbonizer, Taylor & McLautb- 

lin 563,332 

Garment book, self locking. E. F. & F. A . Smith. . 563,625 

Garment supporter, cast off. G. E. Adams 563.540 

Gas engine, H. C. Baker 563,249 

Gas generator. F. H. Shelton 663.328 

Gas. manufacturing hydrocarbon, T. L. WiJlson.. 563,528 

Gas, oil or vapor engine, F. S. Mead 563,670 

(ias or oil engine, A. W. Bodell 663.548 

Gas or oil engine, P. A. N. Winand 663,535 

Gas producer, acetylene, E. N. Dickers on 663.457 

Gas regulator, W. E. H. Williams 563,436 

Gate. See Swinging gate. 

Gear cutting machine. K.J. O'Connor 663,301 

Generator. See Gas generator. Magneto-elec- 
tric generator. Steam generator. 

Glass tank furnace, Modes* Ugel 663,293 

Governor. D. C Tower 563,433 

Grinding machine, P. J. Hoenscheid 663,593 

Gun, machine, E. Wilder 663,701 

Halter and weaning muzzle, combined, O. E. & J. 

E.Schow 563,721 

Hammer, drop. F. Lombard 563,603 

Hammer, tack, A. C Nickloy 563,402 

Hammock, T.J. Woodcock 563,538 

Handle. See Saw handle. 

Harvester, corn, Reeves & Boman 563,411 

Harvester, corn, C. S. Waters 563.522 

Harvesting machinery cutter bar, R. Evans 663,463 

Hasp fastener, G. B. Webb 563,434 

Hasp lock, C. N. Lippitt 563,602 

Heater. See Electric beater. 

Heating and ventilating system, C P. Noble 

563,677 to 563,679 

Heating apparatus. N. E. Frost 563.368 

Hinge, Titus & Knapp 563.432 

Hinge and window )o ck, adjustable, R, B, Strain. 663,430 

Hinge, antifriction, T. Corscaden 663.450 

Hinge, detachable, M. W. Nott 563,680 

Hook. See Garment book. 

Hook and eye. J. H. Akers 663.637 

Hop picker, Moore & Weller 563,504 

Horseshoe calk, removable. A. Welgand 663,341 

Hydrocarbon burner, E. G. Mummery 663,398 

Ice cushion, A. A. Stoll 663,429 

In and out Indicator, J. P. Milbourne 663,501 

Incandescent lighting substance, C A. von Wels- 

bach 663,524 

Indicator. See In and out indicator. Pool pocket 
indicator. Railway time and station indica- 
tor. Speed indicator. 

Inkstand, F. B. Pratt 563,615 

Insulating electric conductors, means for, T. 

Guilleaume 663,273 

Insulating magnet wire, apparatus for, E. F. 

Cabezola 663,564 

Insulating sheet, electrical, C. W. Jefferson 563.716 

Insulating sheet, flexible mica, U. W. Jefferson . . . 663,379 
Insulating support for electric railway rails, P. 

Haley 663,482 

Iron. See CurllDg iron. 

Jack. See Screw jack. Staging jack. 

Japanning, A. H . Sabin 563,417 

Joint. See Fusible Joint. 

Joint for parts of machinery, O. Cullmann (re- 
issue) 11,557 

Journal box, G. F. Godley 563.270 

Key opening can. A. F. Remy 663.686. 563,687 

Kiln. See Dry kiln. 

Kneader, dough, L. K. Strang 663,431 

Knee pad, W. P. Fergusson 563.468 

Knife. See Pocket knife. 

Kilobaud making same, W.H. Taylor 563,693 

Knockdown box, T. P. MeGraw 563.506 

Knuckle pad. H. B, Frazier....... 563,585 

Lace, twist, R. F.Carey 563,708 

Lamp burner. F. P. Boland 563.649 

Lamp, electric arc, C. E. Scribner 563,315 

Lamp filling device, N. L. Bradley 563,551 

Lamp, incandescent, C. E. Scribner 563,319, 563,321 

Last. M. F. Decker 563.573 

Lathe. E. Chllds (reissue) 11,554 

Lathe steady rest. Scbnebelin & Striegel 563.418 

Lead, manufacture of white, A. B. Browne 663,555 

Lead, manufacturing white, Browne & Cbaplin... 563,553 
Lead oxides, manufacturing, Browne & Chaplin.. 663,554 

Leather, F. E. Burlingame 563.561 

Leather, converting hides Into, F. E. Burlingame. 563,559 

Leg, artificial W.Andrews 563,247 

Letter, sign, RodweLI & Gargare 563,312 

Lighting device, automatic, F. Rhind 563,412 

Lightning arrester and automatic fuse block, T. 

I.. Carleton M3.25T 

Limb, artificial, R. Bowman 563.706 

Linotype machine, Bertram & Sanders 563,643 

Liquid distributing device, L. W. Bitting 663,645 

Lock. See Hasp lock. Time lock. 

Lock for sliding closures, F. W. Mix 563,671 

Locomotive pilot bar coupling. W. P. Shelly 863.690 

Loom, J. H. Nonbron 663,611 

Loom beam clamp or lock. J. H. Northrop 563.610 

Loom Jacquard mechanism. O. W. Schaum 563.313 

Loom shedding mechanism. Wicks & Roy 563,346 

Loom shuttle, J. B. Daudelin 563.455 

Loom shuttle actuating mechanism, Wicks & 

Roy 663,345 

Lumber piling or stacking apparatus. A. Stendabl 563,626 
Measuring device and register, R. C. De La Hunt 663.711 

Measuring device, land. S. W.Ravenel 563,410 

Mechanical motor, A. D. Bryce 563,556 

Mechanical movement, W.T.Hanson. 563.590 

Mechanical movement. E. A. Sperry 563,424 

Metal ornamenting machine, G. E. Hunter 563,595 

Meter. See Water meter. Water or other fluid 

meter. 
Mill. See Windmill. 

Milling machine, monitor, O. P. Brlggs 563,2611 

Mining machine. J. M. McHugh 663,401 

Minine machinery, hydraulic, T. B. Ludlum 563,604 

Model holder, G. A. White 563.S99 

Mole trap. J. W. Regeretal 663.310 

Motion, device for converting, A. Boucbarat 663,444 

Motor. See Electric motor. Mechanical motor. 
Motor, locomotive, or car wheel, J. Christiansen 

et al 663,447 

Multiphase generator, compound wound. C. P. 

Steinmetz 563,427 

Musical instrument, mechanical, W. H. Rollins.. . 663.415 
Musical instrument sounding post, A. Renner, Jr. 563.689 

Nailing machine, L. Goddu 563,478 

Naphtha from oil, process of and apparatus for 

extracting, G. F. Metzger 563.391 

Napkin holder, N. F. Clarkson 563,566 

Net. fish and crab. D. H. Hlbbert 563.486 

Nozzle, D. W. Webster 563.630 

Nozzle, shield. W. F. Cunningham 663,454 

Nut cracking and feeding machine, combined. H. 

2. Ptciffer 563,308 

Nut lock, H. R. Rowland 563,416 



TjHb " Crystal Fountain" Filter 



The only 

one 

that can 

be 

Cleaned 

easily 
and 
perfectly. 

GERM- 
PROOF 



The only Filter having an 

Automatic Cleaner. 

Filters For Household Use. 

Filters for LARGE SUPPLY. 

THE GEO. L. SQUIEB, MFG. CO. 

AddrBss n t 

Filter Dept. H. f Buffalo, N. Y., U. S. A. 




THE WHITNEY MFG. CO. 

F. O. II 
IIARTFOltD, 

Presto 



F. O. Ilox 1094, 
IIARTFOltD, CONN., U.S.A. 



Drill Chucks 



and Collets. 



Drills, Reamers, 
Counterbores, etc., 

Can be changed without stopping the 

DRILL SPINDLE. 




■ Protects Checks, etc.. Against Forgeries 
ffstmnlert. Cheapest, Safest "Preventive knov 



iStfl, Complete security outfit, *2. Instructive ).:liil].Ii. 
wlJlBi? |yt b 10c. Henry Goldman, Inventor, 146 X^ salle 
'■™™« Street, Chicago. 




Bffe Hjlranlic Enilne. 

THE ONLY AUTOMATIC 
AIR-FED RAM 

Pumping capacities up to 160.000 
gallons per day. 

HIGH MECHANICAL EFFICIENCY. 

Water Supplied 



PmaJl TcmnWaterw orks, I rrigati an , 
Railroad Tanki) 
and KesLdencea. 

RIFE 

ENGINE 

CO., 

126 

Liberty Street, 
New York. 



MINING MACHINERY. 

Diamond Prospecting Core Drills. 

MINING DRILLS AND AIR COMPRESSORS. 

Central Valve Engines. 



M. C. BULLOCK MFG. CO. 

1175 W. Lake St., 0HI0AG0, TJ. S. A. 



DO YOU WORK WOOD? 




^fiB 



We make all 
the machi- 
nery needed 
in a planing 
mill or furni- 
ture factory, 
A big cata- 
_ logue, buow- 
— Iiik our full 
_ "Z. line for the 
asking. 



Rowley & Hermance Co., WilSiamsport, Pa 



IRON AND BRASS FOUNDERS. 

Iron. Brass. Bronze and Aluminum Castings made to 
order. Iron and Metal Patterns and Light Machine 
Work. 

HAIGHT & CLARK, ALBANY, N. Y. 



Special Machinery, Dies and Tools f X 

Sub Press D5es 

For punching amd forming sheet metal 

A SPECIALTY. 
GEO. M. GRISWOLD, 

183 St. John St., 
NEW HAVEN CONN. 
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A NOVELTY KNIFE— Your nume *nd arfi1reBj,phuloi»(octctT and trad* «mbl«mt. eminent m*n and Tromen* 
ictruflneB.miwhiiiflrretfl-np.der _^^^m^^^^^^^^ dnrabl* trauaparent handlei WAR.lt ANTED oeitof 

m&teriB I and pro rltraatkShip __^^*^fiS ■ ~ '^'llfti^^^^. * n d f re e f ro m d ej foe t». Kd ifo KA111 u rt l y t e BaCut.^i 2U ; 
:U-.Hfcft $1 fil>; h*4Tjj? __^^^^^^E^""*«" -•■■ ; -/.^-— --— T"'--! ^gl- i 1. lade J. *1.M,J Cntpenttr's ktnf*: . \i blades, 

*'j i/j ^ — daw - • -tf-jja^- '*• l= r^^HBn»fWf Ra^r. novelty handle. $.i iU; Ladits h 

- * ■ -i-a. na^Bi 1 *•— - , .-. kaifft.a blades. S0c;3bladt!a 

$1.25; tioy'e tii iff; - I lii-.L-.-/. 
Fftfli Special photoa in Cain 
►fljh, '^.'ic extra. Slunip 
photos fcl OOperlW. 
Cif gd.1 fir for 1 tami*. 
AGENTS WANTED- 
NOVELTY CUTLERY CO., 2 Bar St., CANTON. OHIO. 




PADDLE YOUR OWN CANOE! 

Of all contrivances ever invented for the use and comfort of Sportsmen, 

the Layman Pneumatic Boat ^ 

is tbe best. Weighs only 20 lbs., made of easily-inflated and perfectly water- 
tight rubber. Can be propelled by the feet with occupant in comfortable sitting 
position. Best thing in the world for bunting and fishing in marshy places. 
Can be also used as a pleasure boat and lite preserver. For free illustrated 
Catalogue, write to LAYMAN PNEUMATIC BOAT & SPORTING GOODS CO., 32 West 
29th Street, New York City. 




TENTS. 

We mmtifa cture Tanta of evert fS fety and site, 
for all COnceLy 1 




We have 

and know hm w 

Weh&vi 
Ibe U. S/GoTe^m 

We of e now 
of. rjrfli g toil 

\rtj Hi.itcH yr.Jur 
our II h tot rate I Catalog 

JiHiM:;. If yOuBl 

address and six 



GEO. B. CARPENTER & CO. 

201=3-5-7 So. Water St., CHICAGO. 




Latest Improved 
ANDSKSON AUTOMATIC 

« «Eetter Gopier « « 

Copies a letter in IH seconds. 

Quickest— Simplest— Best. 

Agents Wanted. 

ANDERSON 

COPYING MACHINE CO., 

43 Leonard Street, 

Room 307. NEW YORK. 




HOW IS YOUR MUSCLE? 

FLEER'S GURU-KOLA GUM is a muscle 
builder, brightens the brain. Gives zest to the ap- 
petite and puts the bicyclist in fine trim for long 
runs. It is an ideal tonic for athletes and brain 
workers. It is not a "guesswork" remedy, but is 
a scientific certainty. Six packages by mail, 25c. 

FRANK H. FLEER & CO. 
107-109 Chestnut St., Philadelphia, Pa. 




DoYouWantTHE BEST 

Telephone made for the least 
money? Send one two cent stamp and 
we will mall you free our Telephone 
Hand* Hook and price list of Phones 
and Materials. (Mention Scientific Atner- 
ican). STONE CITY TELEPHONE 

MFG. AND CONSTRUCTION CO. 
Joliet, Illinois. 
l^We guarantee our Phones to be non- 
infringing. 



ALCO 



VAPOR LAUNCH. 




PRESIDENT CLEVELAND'S 30 FOOT ALCO VAPOR LAUNCH, 7 HORSE POWER MOTOR; 
SPEED, 9)4 MILES PER HOUR. 

No dangerous Naphtha or Gasoline used. No disagreeable vibration. Motor and Helm controlled from bow. 
2, 3, 5, 7, 12, 14 and 20 Horse Power. Send 10c. in stamps for catalogue. 

MARINE VAPOR EN GINE CO., Foot of Jersey Avenue, Jersey City, N. J. 

Wire-MDu Wood Rims 

make the wheels for the road. 

Punctured tires can be ridden 

» * icon without injury, or the naked rim 

lrat.lB95 in an emergency. No wheel is 

safe without them. Strongest for their weight and save 

expensive repairs. Kvery owner of a "wheel" should 

know about them. Write for circular. 

s. N. brown & CO., 

140 Eiist 4th Street, - DAYTON, O. 




The Best Casting 
REEL ON EARTH. 

With automatic de- 
vice for the perfect 
winding of the line. 
Sendfor circular. 

WHEELER- 
McGREGOR 
REEL CO., 
Milwaukee. Wis. 



THE BEST OILER IN THE WORLD ! 




WHY THE "BEST"? 1. It has won every test in 
competition with other oilers. 2. Does not leak. 3. Reg- 
ulates the supply of oil to a nicety. 4. The neatest and 
tightest oiler ever made. 6. Although many oilers were 
shown at Chicago, the Perfect only received the medal. 
CUSHMAN & DENISON, 1 73 Ninth Ave., New York, N.Y. 



Au/M ictc Wonderful and Just Out is 
VlvLlo ■ 9. the AJ AX Burner Attach- 
ment for oil Bicycle Lamps, which absolutely pre- 
vents the light from being put out by wind, jar i»r fall, 
and Increases the light fully 30 per cent. With the 
attachment u % in. wick givesa aqunve topped flame 
<not a peaked name)& in. wide by % in. high, without 
smoking. One sent toany club free, to prove what we 
say. Price, 25 cents. Sent upon receipt of price. Give 
size of wick. 8#~ Agents wanted. 

The J. A. Wilson, Jr., Manufacturing Company 

P.O. Box 986. ST. JOSEPH, MICH. 






\ L«ftw Enoni le Pin ud i 

Jl Ftf"rTlll| Id Lb* tr-lirr, rTTh*rllnr 

j-LprtniriHL lu'.ir -.ppIm ■t-hrvul 
lfhtp**. * 1 ttt 

I KHtY « 



j-Lli-uLir. frr*. 




ELECTRICAL, ] « 
BICYCLE, 



•2 I UP TO DATE 



PRICES. 



PHOTOGRAPHIC > * I 

Wholesale and Retail. Pamphlet, 64 pages, free. 

MANHATTAN ELECTRICAL. SUPPLY CO., 

30 Cortlnndt Street, New York. 



DURABLE-CHEAP-GOOD. 

We are selling a first-class Black Graphite Paint, 
suitable for Iron Buildings, Eoofs, Structural Iron, etc. 
Superior in every way to the ordinary black paints, 
some Of which are' composed of Coal Tar Pjtch yMPhaU 
turn or Petroleum Pitch. BLACK GRAPH!!*. 
PAINT is elastic and does not scale or crack. 
Price, '.45 ecu. per gallon. 

EAGLE PAINT AND VARNISH WORKS, 

P. O. Box 1166. P1TTSBURO., PA. 




'"fl^"'-^"--""-*. 




500,000 PAIRS OF. 

-^Niagara Pedals 

Are In daily use under our sweeping 
. . . GUARANTEE . . . 

See that you make, handle or - - 

- - ride no wheel without them. 

NIAGARA CYCLE FITTINGS CO. 

BUFFALO, N. Y. 

Cycle Manufacturers' Supplies of Every Description 



Ophthalmoscope, F. Knauer 563,717 

Ore crushing and pulverizing machine, J. C. Wis- 

well 563,702 

Oven shelf, F. O. Farwell 563,467 

Packing cut ting gage, J.J.Feaion 563,579 

Packing, metallic, E. A. Biyant 563,445 

Packing piston rods, tool for, W. R. Drum 503,57? 

Pad. See Knee pad. Knuckle pad. 
Pan. See Baking pan. 

Pastry rack, J . H. Burns 663,562 

Pencil sharpener and eraser, W. C. McDougall — 563,400 
Pessary and womb battery, combined, M. E. 

Keller 563,387 

Photographic or surveyor's stand, A. B. Macklin 563,496 

Pick, W.H.Scott 563,722 

Picker. See Hop picker. 

Pin. See Safety pin. 

Pipe and nut wrench, combined, R. J. Thompson 563,519 

Pipe stem cleaners, machine for making, h . A. 

Frick 563,867 

Plant protector, G. Williams 663,532 

Planter, B. Moon 563.503 

Plow, combination, W.H. Sutton 563,518 

Plow, rotary, Spalding & Robbins 563.515 

Plow, rotary disk Spalding & Robbins 563.514 

Plow scraper, R. L. Jackson 563,378 

Plow, wheeled, Spalding & Robbins 563,516 

Pneumatic dispatch tubes, terminal for, A. B. 

Campbell 563,359 

Pocket knife, G. Pafft-ath 563.305 

Pool pocket indicator, J. J. Sullivan 563,628 

Potato cutter, N. G, Bliss 563,547 

Potato cutter, O. A. Bulette 563,652 

Power shovel, J. Kiesler 563.492 

Press. See Baling preBS. Printing press. 

Printer's galley, L. F. Lalng 563,495 

Printer's roller, tubular interchangeable, B. Day 563,572 

Printing machine, Slane & Sobinski 563,422 

Printing machines, bed motion for cylinder, W. 

Scott 563,511 

Printing press, C, Stevens 663,627 

Projectile gas check, A.Nobel 563,609 

Pulley, exansion, M. Musgreave 663,399 

Pump pitman, oil, R. M. Frey 563,473 

Rack. See Drying rack. Pastry rack. 

Rack, G. H. Thomas 5f&694 

Radiator, W. F. Bryant 563,357 

Railway brake mechanism, J. M. Austin 563,363 

Railway, electric, H.Brandenburg 563,254 

Railway, electric, E. Lachmann 563.282 

Railway nut lock, J. L. Brady 563,253 

Railway time and station indicator, F. G. Weeks 563,340 
Raising and moving material, traveler for ap- 
paratus for. W. F. Clare 583.448 

Rake.C. W. Kuehl 563,281 

Railways, automatic block signal and anticollision 

appliance for, H. W. Harris 563,374 

Reclining cbair. swing and fan, E. D. Shaver 563,420 

Register. See Fare register. 

Regulator. See Gas regulator. Speed regulator. 

Repeater, automatic. J. W. Frost 563,586 

Revolving stand for writers or others, J. M. Mc- 

Leod 563,298 

Rheostat for electric motors, H. W. Leonard 563,600 

Roll pinion attachment, J. R. Davies 663,261 

Rope clamp. D. Z. McGinnis et al 563,676 

Rovingldrawing and concentrating machines, stop 

motion for, E. Welty 563,343 

Ruler. W. Savidge 563,510 

Ruler, extensible, C. K. & M. R.Jewell 663,277 

Safe attachment, A. Oberndorf, Jr 563,681 

Safety pin, J. M. Guilbert 6S3.272 

Salt packer, E. W.Cooper..... 563,260 

Sash fastener, H. M. Priest. 563,616 

Sash guide, D. W. Bromley 563.650 

Saw, crosscut, 8. It. Lewis 563.669 

Saw, band, B. F. Walter 563,521 

Saw handle, W. M. Singer 563,612 

Saw jointer, A. R. Landers 563,286 

Sawmill carriage offset, H. Gawley 563,476 

Sawmill carriage piston rod connection, H. G. 

Dittbenner 663,265 

Sawing machine, concave band, T. W. Cain.. 663,654 

Scenic effects, apparatus for producing, A. L. 

Tucker 663,334 

Scenic theater apparatus for producing cloud 

effects. Oehring & Tucker 663,303 

Scenic theater apparatus for producing moon 

effects, Oehring & Tucker 563,302 

Scenic theater stage, W. R. Patterson 663,306 

Screen. See Fly screen. 

Screw jack. A. H. Moves 563,608 

Sealing machine, bottle, R. Brass 563,552 

See d delinter, cotton, R. R. Boyd 563,647 

Sewing machine, sole, French & Meyer 563,471, 563.472 

Shade attachment, window, J. W. Duncan 563,658 

Sharpener, lawn mower knife, J. J. Burke 563,559 

Shears, H. F. Dillenbach 563,458 

Sheet metal tube making machine, automatic, O. 

P. Briegs 563,255 

Shelf, adjustable book, J. Koestler 663,279 

Shoe, D. D.Toal 563,629 

Shoe holder. A. B. Crocco 663,571 

Shovel. See Power shovel. 

Sifting apparatus. B. R. Draver (reissue) 11,555 

Signal system, electric police, C. B. Scribner 563,324 

Signal systems, apparatus for selective, F. R. 

McBerty 563,294 

Signaling apparatus, electric, Turner & Chapman 563,336 

Signaling apparatus, electrical, S. S. Bogart 563,442 

Skein holder. L. O. Smith 563.513 

Smoke consumer, Hamann & Voegeli 563,483 

Soap tablet banger, S. J. Wiseman 663,635 

Sole beating out machine, shoe, C. E.Howe 563,487 

Sole leveling machine, Judd & Cilley 563,666 

Speed indicator, T.O. Bateman 563,544 

Speed regulator, dynamo, C. E. Scribner.. ..563,316, 563J81I 
Spinning and doubling machines, thread guide 

for, B. Tweedaleet al 663,696 

Sporting and athletic outfits, receptacle for, b\ 

Kruedelbach 563,493 

Spring. See Wagon bolster spring. 

Square, garment cutter's, W. H. Goldsberry 563.370 

Square, try. E. S. Farley 663,465 

Stage bracket, swinging, H. Wltzgall 563,536 

Staging jack, M. W. Reeves 563,309 

Stand. See Revolving stand. 

Steak tenderer, beef, J. K. Graham 663,271 

Steam boiler, H. C. Jones 663,665 

Steam generator, tubular, J. Buckley 663,657 

Steering apparatus, electrically controlled boat, 

C. E.Ongley 663^04 

Stencils, apparatus for producing, J. Brodrick 5631365 

Stethoscope, O. H. Sheppard 663.431 

Stone dressing machine, Flindall & Mally 663,583 

Stone dressing machine, ft. Marquart 663,499 

Stopper. See Bottle stopper. 

Storage battery, W.J. Still 563,428 

Stove, oil, E. F. Depuy 563,574 

Stoves, safety tank for gasolene, A. Midgley 663.500 

Sulky, racing, H. F. Engels 563,364 

Swing, J. A. Butler 563,653 

Swinging gate, W. D. Miller. 563,393 

Switch. See Dispatch tube switch. Electric 

Switch, F.' Herman 563,376 

Switch and mate, D. F. Carver 663,657 

Switchboards, testing apparatus for multiple, C. 

B. Scribner 663,323 

Switch stand, A. E. Flickinger 563,582 

Syringe, hypodermic, G. R. Schimmel.. 563.621 

Table. M. Lesser 663.61:8 

Tannin and making it, albumen, R. Gottlieb 663.479 

Tanning liquor. F. E. Burlingame 663.560 

Tapping and connecting device, pipe, S. G. Howe 563,488 

Teaching swimming, device for, J. Emerson 663.578 

Telephone circuit. C. E. Scribner 663,322 

Telephone exchange switchboard, Scribner & 

Warner 563,327 

Telephone exchanges, multiple switchboard sys- 
tem for, O. A. Bell 563,250 

Telephone exchanges, multiple switchboard sys- 
tem for, C. B. Scribner 563,320 

Telephone signaling circuit, J. S. Stone 563.692 

Telephone switch board spring jack, H. B. Thayer 563,333 

Telephone system, J. Piel 563,614 

Telephone transmitter, W. A. Moore 563,395 

Telephones, system of current distribution for 

substation, C.E. Ser'bner 563,325 

Thermopiles, apparatus for heating, E. N. 

Dickerson 563^12 

Thermostat and circuit therefor, J. W. Frost 563,476 

Threshing cylinder, D.S.Geiser 563.661 

Tie. See Bag tie. 

Time lock. C. D. Dean 563.456 

Tire, puncture proof pneumatic, A. L. Smith '563,691 

Tobacco leaf spreader, J. T. Carter 663.666 

Tongs, crimping. W. L.T. Kuecbel 663,494 

Tool, box, W. C. HuBton 663,377 

Toy.A. Blum 663354 

Toy, E. Wilmont 5SS.533 

Toy balloon, Lane & Cooney 563 287 

Trace fastener, V. J. Head 563,485 

Trap. See Animal trap. Fish trap. Mole trap. 

Trolley catcher. C. F. Wilson 563.531 

Trolley wire frog, M. F. Bean 563,546 

Truck, car, F. L. Lamkey 563.285 

Truck, car, E. P#ckham 563.685 

Trunk, dresser, P. H. Smith 683,624 

Truss, C.Cluthe 663,449 

Tug clip, hame.C. W. Weigle 563,631 

Tunneling machine, electric, H. R. Keltbley 563.491 

Turntable. C. A. Greenleaf 563.480 

Tvoewriter cabinet, W, Horrocks 663,663 

Undertaker's pedestal. A. C. Dillman 563,264 

Valve and seat grinding device, combined, A. K. 

Spaulding. 663,331 



Study 

at" 



4fOF1E 



ALL classes of people are studying 
law with us BY MAIL.. Some are 
preparing for practice, some for ad- 
vanced standing in regular law 
schools, some for general culture, 
some in preparation for general busi- 
ness. Also, many Lawyersare study- 
ing for review. You need a knowledge 
of the law whatever your plan of life. 
From the hundreds of testimonials we 
will send you, you can find many 
cases similar to your own. Tuition 
within the reach of all. Methods ap- 
proved. Instructors competent. Six 
years old. Three thousand 
students. You can begin at 
any time. 

Handsome catalogue and a 
unique book ot testimonials 
FREE. Address 

The Sprague 
Correspondence School of Law, 

7$ Telephone Bldg. DETROIT, MICH. 



A Chance for Mechanics 

To Obtain a Cycle FREE. 

The Perfection of the Bicycle is called the 

RACYCLE NARROW TREAD 

built by the 

Miami Cycle and Mfg. Co., Middletown, 0. 

We will present ABSOLUTELY; FREE, express pre- 
paid, a *100, 1896, RACYCLE NARROW TREAD, 
to the mechanic or party who is the first to send 
us the correct solution of the following: 
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JSiqjcle 

T CRANK HANGER. 



Cut No. 1 is a sectional view of the RACYCLE Crank 
Hanger. 

Cut No. 2, a sectional view of the Crank Hanger 
generally used in Cycles throughout the world. 

The distance from outside to outside of crank in the 
cuts above, is the same, viz.: i% inches ; but the ball 
bearings in cut No. 1 (RACVCLEj are in the Tiu&s of the 
cranks, making said bearings 134 inches farther apart 
than in cut No. 2 (Bicycle). 

The Sprocket in the RACYCLE hanger .s between 
the bearings, but in the Bicycle hanger, the Sprocket 
overhangs the right hand bearing, making more fric- 
tion in the Bicycle hanger than in the RACYCLE 
hanger. 

The problem to BOlve is this: With a foot pressure of 
150 pounds on the pedal of each crank in the illustra- 
tions above, what advantage has Fig. No. 1 over Fig. 
No. 2? 

Cut the drawings out, or make exact copy, and mark 
on drawing your answer. Send with your name and full 
address to Advertising Department of the Miami Cycle 
and Mfg. Co., Middletown, O. Each solution will be an- 
swered and winner's name and answer will be published. 



CHARLES F. HUBBS& CO., 

PAPER AND TWINE, 

3 6 BEEKMAN ST., N. Y. CITY. 
Parchment, Detail Drafting Paper, 

.11 :i 1 11 tie Wrappers. 




"PRACTICALLY 
UNBREAKABLE" 

Is the World's Fair verdict on 

v BOMMER 

SPRING HINGES 

Of Wrought Steel, Bronie and Brass. 

370JaySt.,Brooklyn,N.Y.,u.s.A. 
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* N. & G. TAYLOR CO. 



BHASTX) 

The only Roofing Tin made exactly 
the same as in 1830, 66 years ago. 





PHILADELPHIA, 

Manufacturers of Tin Plates 

ITHE PANCOAST VENTILATOR. ..„ , T n H * , A 

"Taylor Old Style" | 



Guaranteed to 
exhaust more 
cubic feet of air 
per minute than 
any other Storm- 
proof Ventilator 
made. 

Made with 
Patent Edge- 
wise Brace. 

Insures Ac- 
curacy and 
Strength. 

Made of Black 
Sheet Iron and 
then galvanized. 



The Heaviest Coated Plate Made . 
TheOnliJWarrantedHoofliigTinSold. 

Every sheet stamped with 
Brand, Thickness and Name of 

N.& G.TAYLOR CO. 

Manufacturers, 
Established 1Q10, 

PHILADELPHIA. 

Indorsed by the U. S. Government. 



ARMSTRONG PATENT TOOL HOLDERS 



Over 50,000 Now in Use. 




For Turning, Planing and Boring Metals. 

Saves all blacksmith work. 90^ Tool Steel, TO* 
Grinding. 25 sizes, suitable for all kinds of work.. 



CHAS. CHURCHILL & CO., Ltd., London, England, 
Agents for Great Britain. 



The following Is one of themany testimonial letters we 
have received from practical mechanics. 

OFFICK OF 
D. H. BUBNH AM , DIRECTOR OF WORKS, 

World's Columbian Exposition, 
Jackson Park, Chicago. 
ARMSTRONG BROS. TOOL CO.. 

Chicago, III., September 29, 1893. 
Gentlemen:— Yours of the 27th at hand concerning 
the Armstrong Tool Holder I most cheerfully say I have 
been using your tool holders In the World's Fair Machine 
Shop for several months, and find the same to be very con- 
venient, as well as economical; and I would recommend 
the use of this tool holder to all those desiring to reduce 
their bills for tool steel, grindstones and emery wheels. 
Yours very respectfully, 

J, M. THOMAS. 

Supt. World's Fair Machine Shop, 

J 4 u_- !■■ y p ■ i = Park. Chicago. 



Send for Catalogue to 

ARMSTRONG BROS.TOOLCO. 

96 W. Washington St., Chicago. 

SOHUOHAEDT & SOHUTTE, Berlin, Germany, 

Agents for Germany. 



THREE GROOVE CHUCKING REAMERS. 

For Boring and Beaming Cored Holes. 
STANDARD TOOL CO- CLEVELAND, O., U.S. A. 



SHEET V STEEL V STAMPING 

ALL THE FRAME CONNECTIONS FOR BICYCLES. "•■ 

— , SPECIAL DIES AND PARTS TO ORDER. 

PEDALS, HALLS, WOOD RIMS, WOOD HANDLE BARS, WOOD GUARDS, CORK 

GRIPS, NIPPLES, CHAINS, SADDLES, TUBING, WRENCHES, FORK SIDES, etc. 

CROSBY & MAYER CO., - - - BUFFALO, N. Y. 



SSL-STEEL" 9 " 



PRATT & LETCH WORTH COMPANY buffalo, ny. 




WORLD'S FAIR AWARD. 

We are the only Steel Roofing Company awarded Medal 
and Diploma for PATENT CAP ROOFING at World's 

Columbian Exposition. We are also large manufacturer! of 
all styles of Metal Roofing, Siding. Celling, etc Send 
for Catalogue and Price List. 
Mention this paper. 



SYKES IRON AND STEEL ROOFING CO., - 



Chicago and Niles, O. 



The Model Dynamo 

Direct and Alternating Currents. 

For Schools, Colleges, Experimenters, and Amateur 

ELECTROPLATERS. 

The MIDGET 





THE "MODEL. 



DYNAMO & MOTOR 

THE "MIDGET." 

Weighs 4% pounds. Lights an 8 C P. Lamp. 

$4.00. W Send 2c. stamp for circular 

Elbridge Electrical Mfg. Co. 

ELBRJDCE, N. Y.. U- S+ A, 



Valve, safety, HJ. El Gold i 

Valve, steam engine, u. W. Branch J 

Valve, tank, A. Elegler I 

Vaporizer, oil engine, 1. F. All man ( 

Vebiclespringdraugnt attachment, H. Barber... . 

Vehicle wheel, J. N. Altman '. i 

Vehicle wbeel, Buwgbner & Smith . 

Velocipede or otber vehicle, Hann & Bromley — i 

Vessel construction* G. b\ Williams. i 

Vessel, submarine, L. Gathmnnn 

Vessels, apparatus for raising sunken, I. E. Chap- 
man et al I 

Voting apparatus, C. F. Darnell ! 

Wagon bolster spring, T. G. Mandt I 

Wagon reaches, antifriction roller for, P. Diroll.. I 

Wasbboiler attachment, i. H. VYinget i 

Washing macbine, L. Grondahl 

Washing macbine, H. M. Hamilton I 

Watch bolder for conductors, motormen, etc., 

Wiles & Uroux i 

Water closet, J. G. Morrison ! 

Water elevator and carrier, J. W . Eckerd 

Water meter, J. R A. pel i 

Water or otber fluid meter. E. W. Sbedd 

Water purify 1 ng apparatus. P. H. A. Gaillet i 

Wells, filter for gutuksuml . T. A. Evans t 

Wheel. See fluffing wheel. Vehicle wheel. 

Wheel brake, Sanford & Barnard 

A indmill, S. Johnson 

Wire fabric, loom for weaving, W. orr 

Wire, method of and apparatus for drawing. T. 

A. Ed ison , 

Wire spiicing tool, L. I*. Peck I 

Wire stretcher, T. M. Guest 

Wire stretcher and tigbtener, W. Pickford : 

Wooden vessel, T. K. Parrish 

Wrench. See Pipe and nut wrench. 



DESIGNS. 

Badge. A. B. Ellison 

Cement kettle, F. W. Morgan 

Cigar lighter stand, M. A.Louer et al 

Easel stand, W. Bergner 

Fifth wbeel, H. C. Swan 

Handkerchief , etc., G. R Bowen 25,753, 

Paper holders and cutters, frame for roll, E. B. 

Weston 

Saw, T.L.Wallace 

Sole, tap, W. Kurzenknabe. 

Sponge cup, G. H. Steadman 

Stove lid lifter, C. W. Kennedy 

Tag fastener, A. Terbune 

Transformer case, W. S. Moody 

Vehicle body, A. 1>. Stafford. 



The Forbes Patent Die Stock. Pipe Cutting and Threading Machinery. 

THE CURTIS PATENT PIPE THREADING ATTACHMENT 

FOR LATHES 

Ratchet Drills, Ratchet DieStockand Pipe Vises 

Send for Illustrated Catalogue. 

CURTIS & CURTIS, 

40 Garden St., Bridgeport, Conn, 





as.763 

2S.JW 
25,754 

25.761 
25,763 
26,757 
25,755 
25.764 
25,756 
25,762 
25,759 



TRADE MARKS. 

Ammonia, catsup, and sauce, E. Pritcbard 

Beer, lager, Leiblnger & Oehm Brewing Company 

Beer, lager, Rochester Brewing Company 

Bicycles, J, Long's Sons 

Bicycles and parts thereof, W. E. Davis 

Blood purifier and liver regulator, L. W. Estes — 

Canned bulled corn. Western New York Preserv- 
ing and Manufacturing Company 

Cement, Portland, Alsen'sche Portland Cement 
Kabnken '. 

Cologne and perfumery, R. Hudnut 

Dyes, household, H. Erumhaar 28,544, 

Elastic fabrics. Hub Gore Makers 

Elastic fabrics and boots and shoes. Hub Gore 
Makers 28,527, 

Flour, Spanogle & Yeaeer 

Flour and meal, Lexington Roller Mills Company 

Gin, P. Dempsey & Company 

Glass, window, Marlng,Hart& Company 



Glassware, E. de la Chap ell e & Company ,„„„, 

Gold foils, crystal mat, E.de Trey... 

Grocers' supplies, certain named, F. Acker & Com- 
pany 28,559, 

Hats, soft and stiff, men's and boys* fur felt, F. 
Scboble & Company 

Hog products, provisions, extracts, and com- 
pounds manufactured from bogs, cattle and 
sheep, certain named, Cudahy Packing Com- 
pany 

Insects, chemical substance for protection against 
mosquitoes and other, J. Reepmaker 

Lamps, holders, switches, and appliances generally 
for electric illumination, electric. Edison * 
Swan United Electric Light Company 

Medicated tablets, J. R. Gordon 

Medicinal tablets, Marie Antoinette Company 

Oil cloths, Atba & Hughes 

Paper bags. G. West 

Paper, toilet. M. E. Manaban 

Pencils, penholders, and ink wells, Moser & Lyon 
Company 

Pipe cov ering. Sectional, Macau & Company 

Powderfor the feet, C. J, Petit 

Powders, chicken, 8. C. Sedwick 

Pump, portable air,' Cleveland Faucet Company.. . 

Raisin seeding machines, A, C. Williams 

Remedies for dyspepsia and kindred affections, L. 
& N. Adier Medicine Company 

Remedies for female complaints, tonics, tablets, 
pills, powders, bleaches and cosmetics, L A. 
Detchon 

Remedy, hog cholera, L. Barnes 

Roofing, composition felt and gravel. Eastern 
Granite Rooflne Company 

Rope and twine, Standard Rope and Twine Com- 
pany 28,533, 

Shoes, bicycle, C. H. Fargo & Company 

Skirt facines and bindings. A. M. Weber 

Soap for toilet use, powdered, D. H. Greene 

Tea, coffee, claret-wine and sirup. T. Martindale. . 

Tires, yielding or pneumatic, Boston Woven Hose 
and Rubber Company 

Toilet preparations, breath perfumes and confec- 
tions, Kisyou Company 

Wines, Germania Wine Cellars 

Wines, brandy, gin, whisky, cordials, ginger ale, 
soda, beer, stout, and ale, Walker ville Brewing 
Company 



28,564 
28,566 
28,667 
23,538 
28,575 
28,546 

28,561 

28,543 
28,551 

28,545 
28,526 

28,528 
28.562 
28,563 
28,570 
28,537 
28.536 
28,540 



28.560 



28,558 
28,549 



28,571 
28.554 
28,556 
28,531 
28,530 
28,541 

2S.539 

28,532 
28,553 
28,557 
28,572 
28,573 

28.547 



28,548 
28,556 

28,542 

28.534 
28,529 
28,524 
28,552 
28,565 

28.674 

28,550 



PRINTS. 

'Cando Silver Polish,* Colony & Osgood 21 



A printed codv nf the specification and drawing of 
any patent In the foregolngliat, or any patent In print 
Issued since 1863, will be furnished from this office for 
10 cents, in ordering please state the name and number 
of the patent desired, and remit to Munn & Co., 361 
Broadwav, New York. Special rates will be given where 
a large number of copies are desired at onetime. 

Canadian oatentw may now be obtained by the in- 
ventors for any of the inventions named in the fure- 
foing list, provided they are simple, ata cost of f40 each, 
f complicated the cost will be a little more. For full 
instructions address Munn & Co., 361 Broadway, New 
York. Otber foreign patents may also be obtained. 




POWER 
HAMMERS 



For Every Description of Forg- 
ing. Late Improvements. 

BEAUDRY & CO. 
46 Oliver Street, 
Boston, Mass., U. S. A. 




A wonderful Invention for Raising 
Water. The WINDMILL'S GREAT- 
EST Rl VAIj. For Country Homes, Ho- 
tels and Summer Resorts. Call and see 
It in practical operation. Send for Cata- 
logue and testimonials of well-known 
Milwaukee people. THE BRW1N HY- 
DRAULIC MACHINHRT CO, US 
SyoaMre ttntt, IfllwukM. 



EL 

PIANO 

Ivers & Pond 



Ofrece Ventajas Especiales a. lo. 
Compradores en el Extranjero. 

Construidos especialmente para resistir los ( 
' cambios atmosfericos. Los pianos de Ivers 
& Pond no tienen igual para climas perju- 
diciales a causa de nuestro sistema de secar 
al homo. Estos pianos representan lo mas I 
perfecto en el arte de fabricar pianos en 
. cuanto a calidad de tono, durabilidad, en- 
cajonamiento artistico. Invitamos a los , 
traficamtes que nos escriban a ceroa de 
preoios especiales y territorio exelusivo. A { 
los compradores al pob menob suminis- 
tramos pianos directamente de nuestra [ 
fabrica a cualquiera parte del mundo don- 
de no tengamos representante. Se expe- 
diran catalogos, precios especiales y todo 
inf orme libre a quien los pida. 

IVERS & POND PIANO CO.,! 

114 Boylston St., 
BOSTON, MASS., U. S. A. 



"Columbia" Modern Laundry Machinery 




Columbia Washer, 



ot every des- 
cription. Co* 
In irj hi a With- 
er Manufac- 
tured by The 

Wilson Laundry 

Machinery Co., 

Columbia, Pa. 

Send Sot CaVge 
8. A. 



Grin ding, Elevating, MixingandSiftingMachinery 

for materials of every descrip- 
tion, including Paint, Fertiliz- 
er, Grain, Chocolate, Chemi- 
cals, Drugs, Minerals, etc. 

Special machinery designed. 
Blue prints and estimates fur- 
nished. Established 40 years. 
Up to date. Write us. 
HOLMES & BLANCHARD CO. 

36-39 Charlestown St. 
DISINTEGRATOR. Boston, Mass., U. S. A . 




WATER WHEEL 

Adapted to all Heads From 

3 FEET TO 2000 FEET. 

A THIRTY-FOUR yearB' experience enables us to 
guarantee satisfaction under every condition. 
ElKbt Powerful I.eliols at Niagara Falls. 

Send for pamphlet " K." stating your head. 

JAMES LEFFEL& CO. ,SpringnelrJ,0.,U.S.A. 

Established 1834. 
SHERIFFS MANUFACTURING CO., 




Manufacturers MARINE ENGINES, 
MILWAUKEE, WIS., U.S.A. 



Don't Discard 

your old tanks, roofs, gutters, store 
fronts, etc., before writing for par- 
ticulars for preserving and extend- 
ing their use for years, to 
Detroit Graphite Mfg. Co., Detroit, Mich., U. S.A, 

B. C. Standard Electric 
Moiersand Dynamos. 

MARINE LIGHT PLANTS- 

Equipment Complete 
ami Unsurpassed. 
Engines, Motors, Dyna- 
mos for every service. 
For particulars, address 

BELKNAP MOTOR CO., 

744 Fore St., 
Portland. Me., U.S.A. 





CULVER'S 

PROGRESSIVE 
STEAM SEPARATOR 

insures dry steam by carrying away 
at right angles the water of conden- 
sation from the path of steam cur- 
rent. The Deflector plates in cut are 
separately cast and placed in posi- 
tion in bodyof Separator, insuring a 
perfect casting. Has a series of 
alternately disposed deflectors and 
a discharge from each, whereby the 
moisture is condensed and removed 
from the path of the steam. Cul- 
ver's Progressive Steam Separator 
Is for the above reasons the best 
thing ever invented foi all steam 
users and those who know the im- 
portance of having dry steam for 
their Engines, Pumps, etc. Send 
for illustrated catalogue. 

THE CULVER MFG. CO. 

BOX J, 8CBABTON. PA. 
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A PIANO 
BY MAIL. 



f%%%%^^%%*%^^^»^%i 



! You've never had a Comfortable Ride: 




You can buy an IVERS & 

POND Piano just as cheaply, as 

safely, and as satisfactorily of us 

: by mail as in person at our ware-" 

rooms. How? Write and we'll 

tell you. 

We send our pianos on trial at 
our expense to any part of the 
United States where they are not 
sold by a local dealer. Send us a 
postal card and receive FREE our 
CATALOGUE and prices for cash 
and on EASY PAYMENTS. i 

If you want a Piano, a postal 
card may save you JS75 to JS100. 
Send it to-day. 

Ivers & Pond Piano Co., 

114 Boylston Street, Boston, 






To all users of gas, whether 
housekeeping, boarding or 
traveling. Have you seen the 

THE "BOKER" 

GAS COCK, 




DON'T STOOP TO SWEEP YOUR HOUSE. 

There I s no necessity for stooping if you use 

* the FOOTHOLD DUST PAN. 

No stooping required when sweeping. No 
inhaling of dust and dirt. No 
rush of blood to the bead. 

The dust pan is carried by the 
aid of the left foot Slid the 
broom. The pressure of the foot 
brings the front of the pan close 
to the floor to receive the dirt. 
Sweeping can thus be dune 
quickly and cleanly while the 
sweeper is in an erect posture. 

Agents wanted for house-to- 
house sales. .Every lady will 
wantone. 




Tie Monti Mfg. Co., 

1 89 B'way, Long Branch, N. J. 



Patented Feb. 26, 1895. 



Connected by tubing to 

gas stove for cooking, 

heating, or other pur- 

nnsps With its detachable and adiust- 

■ „*— ^ ableelbow? It mis the bill 

for all who have a room where 
there is but one gas bracket, 
and you want both light and 
heat at the same time. The at- 
tention of all housekeepers* 
boarders* cooks, nurses* 
students, mechanics ami 
artisans, is called to this most 
useful article. Adju&t it your- 
self, no easfltter or plumber 

Giving two lights from needed. Portable. TJee it in any 
one bracket. room in the house. Always 

have your light. Sent by mail 
to any address in the United 
States on receipt trf 50 cent** 




NO MORE BURNED FOOD! £Sl 

wife who has tried it recognizes the great value of 
AUGITE 
"The Woman's Friend Stove Mat." 

(TRADB MARK) 

Food of any kind, when cooked on this Mat, on stove 
or open grate, does not require stirring and will not 
scorch or burn. It is made of the beat Asbestos, the 
only genuinestoveMat. Beware of imitations. Sent by 
mail, 15c. in stamps, or two fur 25c. Special attention 
given to export orders. Price list on application. 
TheJ.L. BROWN CO.,Brookville,Pa.(form'ly Pittsburg.) 




Fine Tools and Tool Sets. 

For Shop, Office or Home Use : Jewel Glass Cutter, 10c. ; 
Pliers, Glass Cutter and Can Opener combined, 'Mc. : 
14 in. Saw for Wood or Metal, 50c. ; Screw Driver, Chisel 
and Awl. set 50C- ; New Smooth Plane, -& in., 40c By 
mail, postpaid. 

$28.50 SCREW CUTTING LATHE?, 
Mansfield Tool Works, Boxi2i7, New Uuven, Conn. 




MURRAY 

VEHICLES and HARNESS 

Time Tried and Tested and Endorsed the world 
over as the Best and Cheapest on Earth. 
Single Baggy Harness, - • 5.95 
Double Baggy Harness, ■ 15.70 

Single Farm Harness, * ■ 17.67 
Doable Farm Harness, - 23.94 
Top Baggies, - 55.95 

Bo ad Carts, .... 14.90 

Boad Wagons, - • * 31.75 

Spring Wagons, - - * - 43.50 
Farm Wagons (2 horse) - - 39.50 
Fine 160 page Catalogue, free. 

WUberH. Murray Mfg. Co., Cincinnati, ©. 




Wm. Swindell & Bros. 

400-401 

German Nat. Bank Bldg. 

PITTSBURG, PA. 

Continuous Water Seal Gas 
Producer, Swindell's Recu- 
perative System, Regenera- 
tive Gas Furnaces for all 
purposes. 



INCANDESCENT LAMP SUPPORTERS. 




Instant fixture of lamp In anydeslred position. Forms, 
sizes and finish adapted to every requirement, from 
library to workshop. Send for catalogue S. 

THE O. U. WHITE CO.. Worcester, Mass. 



Used with small gas stove 
for heating small quanti- 
ties of water, food, etc. 



The Boker 
Manufacturing Co., 

P. 0. Box 235, 
Brooklyn, N.Y. 



MAKE YOUR OWN CIDER. 

Any housekeeper can do this readily and; 
economically it they have a 

Little Giant Cider Mill, - - $7.50 

It i s strong, serviceable, handy! 
It can be operated by boy or 

It ia (jhiiiEly iinri economical* 
lie capacity is 75 Kalg- in a day. 
It is small in size — Light in 

weight. 

It embodies a new process of 

grinding and pressing. 
For family uhb it hasnoequal. 
j>If your dealer hasn't it, send 
' to tho factory. Delivered 
free on. receipt of price, $7.50. 
~^r Write Svr Leaflet. 

THE LITTLE GIANT CIDER HILL CO.. 
209 No. Front Street, Nashville, Tenn. 

Agents wanted in every cownty. 



OF 



10,000 I. A RGB pOWKltFlTIi 

fc Y0U WANT. 



ACHROMATIC TELESCOPES* 1 



WHAT 



LONG 



9 9 Cent; 




Jill III limillLltlllllllllllllllllllllllllllllllllllllllll!! 



illinium jiiijiiiiiiiiu^ 



BPECUt* SALE 

Positively eacb 

a good Telescope 
was never sold for 
thle price before. 
tHEIB TBLSSGOFBS 
ABB MADE BY ONE 
Of THI L1B6BST 
■ AND FACTURBRS 

Of EUKOFB.HKiS- - fi -v _ . 

DBS CLOSED 19 TAKM QR RANCH — ' W 

ihches and opsn ovbb 8 feet in -I aEOrttatii. Tbay art) □ ! wij i)r:m bound, brass safety cap on each end to 
exclude d nit, etc. with powerful ■ euaea.acibr.tuiiL^Mr grovmd and adjusted. Guaranteed or toe maker. 
P#r*itifore, Tdl&icnpuB of Uil» bliu have Uk-u.ii Bold for frum fcS.oo tn tvo. Every sojourner in She country or at seaside 
feaorVB ahoiiL'lcertaiuly e&cure oneof ititBQ lu&irnmont« t ftnd uu farmer Bbonld be without one. Objects miles away are 
brought to view wlih aaloclebin^ elL-arneai. JSam by ni&ll or ^i^r^an. safely packed, prepaid for only QO CtB. Our new 
I'fttiiliifi-uoor WuichQSt •$&, sent with &ach order. This ts a grand uffor and you should not miss it. We warrant each 
Telescope Just a* rep pencilled «r money refund*-^, A cus comer write si from "Fulton, N.Y. March 27 -Gents 
received jauriflfai&i&lp* : Mo """J much pionsed wkib It, it is all you recommend li to be.— J, L. Hanarts." Send 
OO r^ntR fcftoeUrtMM Ln.unir. Pout Offlcrs afoDey O^ier, Express Money Order, or Bank Draft payable to our order 

4ddrBB^KX€l£L»lOllIAlPOflTlKl* Vlh, pepi s A.Escftlelor Building, Kew York cut. Box ivai 



Patented Improved 




Self-Closing 

BASIN COCK 

Adopted for Use in 

New M anliaf tan Hotel, 
New York, N. Y. 

'Its Sanitary Features 
Unsur n assed. 

NO DIRT RETAINING 

POINTS OF ANY KIND 

Every Plumber will appreciate that. 
This celebrated Self -Closing work has been used for 
yeaxs, and is unsurpassed for durability. 

EVERY ONE WARRANTED. 

Write for Circulars and Price Lists, and address, 

E. STEBBINS MFG. CO., 

Drawer 14, BRIQHTWOOD, MASS. 



A KNIFE, 



The only tool required to Mend your Hose with the 




Simplex Hose Mender 

1-2 or 3-4 inch, by mail, 10c. each. 

Catalogue No. 31 ready for the trade. 

KING &> KNIGHT, 

31 WENDELL ST., BOSTON. 



THE SECRET. 

See ti^a/t 

POST. *=^ 




SMITH & WESSON 

MODEL 1896 REVOLVER. 



I Solid 

| Frame. 

I Swing Out 

1 Cylinder. 

| Hand Ejector and 

| Rebounding Lock. 

-.Exceptional Strength, Accuracy, Penetration and | 

-. Workmanship are features of this Revolver. i 

= - _ Send for Illustrated Catalogue. I 

_ SMrTH& WESSON} Springfield, Mass!! 

siiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiniitiiiiiiitiiiiiiiiiiiiiiiiiiiiinniiiiiiiiiiiiiiiiuiiiiiiniinnniT 




FIX THE TIME EXACTLY I 

Every office, hotel, club, banking 
house, etc. .should have the best time 
recorder in the world— the 

"STANDARD" TIME STAMP 

which ia superior to all other 
a i 1 1. ii in a 1 n ■ i i : i ' i 1 1 H s t ; i : i 1 1 -d . I ii an 
Instant it automatically and ac- 
curately prints your mime, busi- 
ness location, and the character 
of the particular transaction, 
in conjunction with the year, 
month, day of month, hour and 
minute on documents of every description. Sets 
dates for long and short m oaths, even for leap year. 
AVe guarantee our stamn and will send on approval 
to responsible firms. Write for ilesuriptiveclrcular. 
TilE STANDAltD 'I'IMK STAMP CO., 
Sole Manufacturers, 
841 Wnshinglon Street. - New York City. 




MAKE ICE CREAM IN 30 SECONDS! 

— <t - HuTue-made Ice Cream is the 

best and purest — also the 
cheapest. An y h uuse keep er 
who has a Polar Star In- 
stant Freezer has the best 
facilities on earth for making 
i-j-i-;l:ii. Makes from all milk, 
8aveElcfl and aali. Bamnleto 
operate. Does not get out of 
order. Rapid, clean* economical. Freezes h ureter, drier 
and smoother Limn other freeaera. Doe&n't scrape the 
I'fllsr Star Freezer 




t i n* Live oocnte wanttd tverywhtr?. P o 1 a r 
CtK.-iiJl li^'TiDit Hi., I'liiluih-lijliia 



Pa, 



%tS 



DRAPER'S 

Registering Anemometer. 

This simple device registers 
the velocity of the wind on a 
dial divided so as to show velo- 
cities from one hundredth of a 
mile to ten thousand miles, then 
It repeats, commencing at zero. 

Standardized and Warranted* 

Price complete, ready for use $12. Write 

for particulars. Weight f% lbs. 

The Draper Mfg. Co. ,1 52 Front St., N.Y. 




. . DRAPER'S . . 

Recording Thermometer 

Gives a correct and continuous record 
in ink on a weekly chart. 

It is of especial value in Observa- 
tories, Dwellings. Hospitals, Clubs, 
Schools, Greenhouses, and in manu- 
facturing industries where tempera- 
ture is an important factor. 

Wriie for particulars. 

THE DRAPER MFG. CO., 

109 Front tit., New York* 




WORLD AXLE GREASE. 

Is the most Durable and Reliable Lubricant 
on the face of the Globe, as a Hoof Oint- 
ment it has no equal. Hamples 5 cents. 
Agencies wanted in every town and coun- 
try at once. The World Kf>finintr Co., 
Kastou, l*a. |3?" Foreign Agents Wanted. 



OUR BOOKS, COVERING A PERIOD OF 2 

ykars, showthatTHE " PRACTICAL" 
TROUSERS HANGER AND PRESS 

HAS SATISFIED 1499 OUT OF EVERY 1500 

purchasers. It keeps Trousers 

"Smooth as If Ironed" and Is so 
easy to use tliat It's "Quicker than 
Carelessness.?' satisfaction guaran- 
teed OR mONEY REFUND ED. PRICE.75 CENTS, 

POSTPAID. Our illustrated bookletcon- 
tains forceful testimony andfac-sim- 
He reproductions of duplicate orders* 
free on request, 

PRACTICAL NOVELTY CO. ,425 WAL NUT ST. , PHIL A, PA 



That's what makes it ffrcirlt* 



THE BENEDICT COLLAR BUTTON. 

For sale everywhere. 

ENOS RICHARDSON & CO., 

ai MAIDEN LA\E, N. Y. 

Sole Manufacturers. Send for Circulars. 

FOX AUTOMATIC TAPE BAND, 

For the filing of Papers, etc. 

Better and Cheaper than Rubber. 

Per Gi-obs, (18 inches) $1.50. 
Sample dozen , 20 cents. 
Single Sample, 2 cents. 

IRVING P. FOX, 8 Oliver St., Boston 





Centennial Bell Foundry. 

Manufacturers of Church, School, 

Fire Alarm, Tower and other Bells 

of genuine bell metal. Chimes, Peals 

or any harmonious arrangement of 

Bells. 

GARDINER CAMPBELL & SONS, 

250 to 256 Oregon St., 

Cor. Barclay St., 

Milwaukee, Wis, II. S. A. 



POCKET POSTAGE STAMP BOX. -i f\ _ 

J. B. Kittreclge, Westfield, Mass. 1U Cents ' 




General Agents Wanted 
TheAutomatlcGuide 
fs a unique, meritor- 
ious Advertising Medi- 
um, entirely new; ad- 
vertising solicitors who 
mean business, write 
for particulars. 
Automatic Gu id eMfqCo 
31-35 S. 8th St., 
Reading, Pa. 




DATE EVERYTHING! 

A perfect device for dating letters, 
bills, statements, invoices, etc. Prints 
all the months, years from 1896 to 1900, 
figures to 99 inclusive; and the words 
Rec'd, Ans'd, Ent'd, Acp'd, Paid. Sent 
by mail, one, 46c. ; two, 80c. 

Band iiuinbei » (made on same prin- 
ciple). 4 wheels (9999), 50c. ; 6 wheels 
(909999), 76c. Stamps taken. 

Spatula Publishing Co., 
8 oliver st., boston, mass. 



Engine Lathes, containing 1 all the latest and best im- 
provements of the day. Capable of turning out 25 per 
cent, more good work than most tools on the market. 
Sold responsible parties on trial. 20 per cent, below price 
charged for inferior tools. Send lor circulars and dis- 
counts. JOSEPH B. REED, Cairo, 111. 



FOR SALE. 



— 







Pianos! Organs! FREE! 

CESl TEIAL IGK 30 DATS IS YOBa OWHEOMJJ. KO MONET KUjUttED 

PIANOS-ORGANS FROM $25.oo UP 

jBEKUfi&L CASH or Y..\si PAJjffOTS. 

:reEw soirvENtR catauigiti? 

A tvotJ: tn art illustrated In lttculur*. W«nli JlKliVi-lirht 
In <j!*Iu\ Wb p»yc;onj^3onrtaQdBendili''lirE, all you 
buTC tn do Into link for lite-day pic nine. Remember 
thin Is ihfl old establ label house orcultNISH ifc r:O rT the 
only flm in the world sHllTipf pTrclimlvcly from Factory 
ti t'am l\y d i fact, a si m_H n in^t™ m e'Ut a t wftotaau n price» 
V-.\- i-.ivr you from £25.00 to (IsO.W. Write at o:n i- to 
CO B3TNHAC «. E st, Wyenr a, Wanhtqgto n, N. J. 





■■!!!?M!ff«" 



??????■■■■■■■;■?■■ 



A gilt edged patent, merits of which 
- — _ stand absolutely proven; field un- 
limited. We suggest a corporation to push it. David 
Harkinsi»n &Co., 315 North Second St., Philadelphia, Pa. 




LINENOID WHEELERS 



SEAMLESS, WATERPROOF 

fyj CATALOGUE FREE. 

Lrane Bros., WEsmEbD, mass. 

UNCNOIO SEAMLESS SPECIALTIES.. 



CYCLONE CORN SHELLER. 

Will shell a 

Bushel of Corn 

in 

4Miniites 

BEST 
SHELLER 

intheworld. S53 
.hi. i.- SL^SS^SS^^^^^SflB"- Send fur 

All Machines -^SK^Ss^^iij Circular antl 

Warranted. ^IrWB Price. 

GARRV IRON ROOFING CO., 
gel* Mfts. and Own*™, Cleveland, Ohio, V. S. A. 
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REACHED AT LAST! 



THE CHEAPEST 

EVER PUBLISHED 



TM] 



T-OF=» 



MOST VALUABLE 

IN THE WORLD 



LEE'S 

PONY REFERENCE 

LIBRARY 

New.— Original.— Copyrighted. 



BOUND IN MOROCCO, full 

gilt, in a neat paper box. 
The Set of Five Books 

sent postpaid to any 
address in U. S., Can- 
ada and Mexico, on 

o e f ceipt . $5.00. 



VOLUMES 



2095 Pages. 

282 Illustrations. 

57 Maps. 

TITIiES: 



LEE'S 

.PONY REFERENCE 

LIBRARY 

For Home, School, Shop and Office. 



SOLID BINDINGS. 



A Gift that 
will never lose 
its 

Sterling 
value. 



I. Modem Webster Dictionary. 
2. Lee's Encyclopedia Britannica. 
3. Conklin's Handy Manual. 

Revised ana Enlarged. 

4. Lee's Priceless Recipes. 
5. Lee's Home and Business Instructor. 

EACH VOLUME COVERS A WIDI, DISTINCT FIELD. 

A Complete Education Condensed. 



BOUND IN SILK CLOTH, 

marbled edges, in a neat 
paper box. The Set of 
Five Books sent post- 
paid to any address in 
U. S., Canada or Mex- 



ico, on 
receipt 



of $3.00. 



This library 
cost the 
publishers 
$25,000 
to pro- 
duce. 



OTHER STANDARD WORKS. 

SOLD IN SINGLE VOLUMES. 

Mechanic's Complete Library. 576 pages. 
Cloth, $1.00. Morocco, $1.50. 



Silk 



STRONG PAPER. 

Good all the 
year round, 
everywhere, 
and for 
all times. 



Covers 

all 

professions 

business 

and 

trades. 



The Mechanical Arts Simplified. 480 pages. Silk 
Cloth, gold stamped, $2.50. 

Zwicker's Practical Instructor for Machinists, Firemen, etc, 
Flexible Binding, $1.00 

Stephenson's Ready Reference Book for Stationary, Locomo 
tive and Marine Engineers. $1.00. 

Practical Application of Dynamo-Electric Machinery. A standard 
Work. Silk Cloth, $1.00. 

Edison's Handy Encyclopedia and World Atlas. Limp Cloth, 25 cents. 
Stiff Cloth, gold stamped, 50 cents. 

Vest-Pocket Webster Dictionary. The first and best. Silk cloth, 25 cents. 
Full Morocco, full gilt, 50 cents. Both indexed. 



AGENTS!— The Harvest is Here, the Opportunity is Yours! 

Terms and Samples on Receipt of Price. Prospectus with full Descriptions, 50c. 

LAIRD & LEE, 263-265 Wabash Ave., CHICAGO 




$1.75 



will buy the smallest and 
lightest Bicycle Lamp.made 
entirely of Polished Alumi- 
num. Will fit uny hmcket. 
Burns either Oil <>r Taper. 
Each taper burns 3 hours, 
and can be carried in the 
tool bag. Sent to any address, Expressage Paid, upon receipt of New 
__ York Draft, Postal or Express Order. 

E? LAMP TO BURN OIL, - - - $1-75 each 
= LAMP TO BURN OIL AND TAPER, - 2.00 " 

Which includes I doz.Tsipers. Extra Tapers, 30 cents perdoz. If not as 
represented, we will return your money. 



THE BUFFALO SEAL & PRESS CO., 



Seventh and Hudson Streets. 



BUFFALO, N. Y., U. S. A. 



THE GARVIN MACHINE CO. 

MAKERS OF AND DEALERS IN 

Metal Working Machinery 



OF EVERY KIND 



Bicycle Machinery 



... A SPECIALTY . . . 

We equip complete plants for making Bicycles, Firearms, Hardware, Blectrica Apparatus, etc, 
Large Stock of New and Secondhand Machinery. 
tW Catalogues, Photos and Estimates Gladly Furnished. 

SPRING AND VARICK STREETS, NEW YORK, N. Y., U. S. A. 




ECLIPSE BICYCLES 

" They Stand the Test. " 

2,448 Pounds on our Regular Stock, Road Wheel. 




The Motocycle 



Send One Dollar and Twenty-five Cents, and you 
will receive " The Motocycle" one yeur and an 
11x14 half-tone picture ot tlie Times-Herald Race. 

EDWARD E. GOFF, Manager, 

MONADNOCK BLOCK, CHICAGO. 




This is an exact reproduction of a photograph taken in front of our factory, and 
shows the most wonderful test ever made of the strength of a bicycle.- The entire 
weight of sixteen men and plank, aggregating 8,448 pounds, rests on the bicycle. The 
stand was grooved to hold wheels in place, and the man at end and guy wires only 
served to keep plank from twisting. 



Strong 



Light Running * Perfect Workmanship 



Six years' experience, an immense new factory, fitted only with up-to-date 
machinery and the best materials obtainable at any price, have enabled us to 
build a wheel that, for accuracy of adjustment, rigidity, speed, ability to "get 
there" and KEEP AWAY FROM THE REPAIR SHOP, stands unequaled. 

A Full Line for Men and Women. 

SEND FOR CATALOOUE, WITH PARTICULARS OF OTHER REMARKABLE TESTS. 

Eclipse Bicycle Co., Drawer X, ELMIRA, N. Y. 



-BRANCHES: 



Boston, New York, Philadelphia, Washington, Indianapolis, and Hamilton, Ont. 



CYCLE CEMENTS. 




CHE sort 
that stays 



' V that stays 
where you 
stick it. Al- 
ways ready 
foruse. Eas- 
ily applied 
Special 

L grades tor 
I metal and 

wood rims. 

All sorts of Special Cements for Bicycles. Get 
our Booklet describing them. 

GEO. W. REEVES, 17 N. Front St., Philadelphia, Pa. 




WE UNDERSELL ALL! 

Bicycle Electric Lights.. $3.00 
Necktie Electric Lights.. 1.50 
Edison Electric Motors.. 1.00 

Battery Kan Motors 5 00 

$8 Medical Batteries 3.95 

Induction Coils 1.75 

' Electric Bells, finest 25 

- Dry Batteries, best 25 

Discount to Dealers. 

Our Bicycle Electric Light 
is the best thing that ever 
happened. Catalogue free. 

OHIO ELECTRIC WORKS. 
Cleveland, Ohio. 



The Wheeler Reform Saddle 






Scientifically 
Constructed. 

A Saddle 

THAT'S A 

Seat 

There is 
nothing 
which 
bears. 



Phaped and proportioned to 
afford the rider a natural support 
end overcomes the ills and dan- 
ger of ordinary saddles. 
Specially recommended for ladies. Indorsed by emi- 
nentdoctors. A practical saddle for all riders. Write 
for catolomtf and be convinced. If your dealer hasn't the 
Wheeler Saddle, write us. t^T" Local Agents Wanted. 
The Wheeler Saddle Co., 71 Buhl Block, Detroit, Mich 




Randle Bars 

Adjustable and rigid. 

Our capacity 1000 bars a day. 

Catalogue free, 30 different styles. 

Chicago Handle Bar Co. 

30-3£ Market Street, 

Chicago, 111. 



THE RYAN : : 
ADJUSTABLE 



HANDLE BAR 




Patented Dec. 10, 1895. 

THE BAR THAT'S BUILT TO SUIT. 

The only Handle Bar on the market that can 
be turned on a line with the wheel, removed 
without a wrench, adjusted while riding. : : 

three Great features* Heat, Simple, Durable. 

Price, $3.50. We will refund the money if 
not satisfactory upon examination. : : : : 

STONE MFO. CO., 
200 riain St., Bridgeport, Conn., U.S.A. 



X Ray Outfits. 
Fleming- Dynamo Brushes. 
Incandescent Lamps. 
Medical Batteries. 



-SEND FOR PRICES.- 



STANLEY & PATTERSON, 

GENERAL ELECTRICAL EQUIPMENT SUPPLIES, 
32 and 34 Frankfort St., New York. 
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EAT UNDER PERFECT CONTROL, 

is assured by the adoption of The Fuel Gas System of the American Gas Furnace Company, of Elizabeth, N. J. 



This system includes The American Oil Gas Machine for the generation of 

^— .A PERFECT FUEL GAS 

^6 j. j. from Naphtha and Dry Air by Automatic Process. 

GAS BLAST FURNACES, Ovens, Retorts, Kilns, Forges in great variety FOR ANY KIND OF GAS IN USE, and for all 
kinds of work requiring a Systematic Application of Heat to insure uniform results. This system requires the use of our 

HIGH PRESSURE BLOWERS 

regardless of the kind of gas used. Hundreds of first-class references. Indorsed and recommended by Franklin Institute and 
Insurance Underwriters. Please address 

AMERICAN GAS FURNACE CO., 80 Nassau Street, New York. 



TANKS 

For all purposes. 
In all sizes and shapes. 

Cedar Tanks, Vats and Tubs 
for almost all uses are the 
best by reason of their light- 
ness, durability and cheap- 
ness. Though we manufac- 
ture Tanks in many other 
woods, we recommend Cedar 
for the above reasons. Hav- 
ing one of the largest plants 
in America, on which we em- 
ploy a considerable force of 
skilled workmeu, we can 
furnish in the shortest pos- 
sible time any size of any 
kind of Tank or other vessel 
to hold liquids. Best work- 
manship guaranteed. Both 
men and machinery in our 
establishment are the best 
that can be obtained. Work- 
men sent anywhere to erect 
Tanks, etc., although our 
work, being done in sections 
and numbered, can be set 
up by any ordinary mechanic 

Geo. J. Burkhardt's Sons, 

Broad and Cambria Sts., 

Philadelphia, Pa. 

From a photograph of a Cedar Tank erected by us at 

Jenkiniown, Pa. Holds 100,000 gallons. Tower 125 ft. 

high. 10,000 feet of Cedar and over 4,000 pounds of steel 

bands were used in the construction of this Tank. 





KEEP COOL! 

For Desk, Home, and 
Sick Room. Six, eight, 
and ten inch fans. Prac- 
tical outfits. Thousands 
in use. Also Toy 

$1 MOTOR OUTFIT 
with fan, battery, and 
pulley for running toys, 
etc. Send stamp for cir- 
culars. Knapp Elec- 
trtc & Novelty Co., 45 
Warren St., New York. 



Catalogue free to any address 

Models and GtARS 

ELECTRIC SUPPLIES. 
Q EXPERIMENTAL % gg 
|f MODEL WORK 9 TT. 



UNION MODELWORKS 

19 1 fit 193 CLARK ST, CHICAGO . 




J. H. Sternbergh & Son, 

Reading, Pa., U. S. A., 

MANUFACTURE THE HIGHEST 
GRADE OF 

BOLTS, HUTS, BOILER RIVETS, 

LAG SCREWS, TURMUCKLES, 

FORGINGS, 

merchant Bar Iron and Steel, Etc., Etc. 

At Moat Favorable Prices. 
Send for New Catalogue. 



SMITH GO. Centre St.", X. V. 



THE H. B 

MANUFACTURERS OF 

STEAM and WATER HEATING APPARATUS 




MEHCEB. BOILER. 
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GASOLINE 

11 VV 11 place or for ai 
^W ■ w ^W poae requiring power. 
Especially adapted for farm use, "" 



EN8INE 

For use in any 
any pur 



WFRFR 

Uf ^B HI III II Especially adapted for farm use". Only a 
■ ■ ^^_ ^^H ^^_ ■ I few minutes' attention required each 
V W Vfll ■^.■■1 W Si day. Guaranteed cost of operation is 

1 cpTir per horse power per hour. 

THE SIMPLEST, MOST ECONOMICAL AND BEST POWER. 

Address 431 Southwest Boulevard, |y Send for Catalog 

Weber Gas and Gasoline Engine Co.. K iSM&u.i 1 i? v ' 





Lis Victor Vapor Engine, its 20th Century Gas Engine 

The New Victor Vapor Engine is the repult of more than 10 years of 
experience and progress in this line, (t is a combination of ejscellencies, 
each one the subject of, not months, but years of testing. Kvery possible 
weakness and fault, so common in most iras engines have been eliminated. 

A FEW ADVANTAGES : Utilizes the double spark invention. With 
same fuel, power increased from 50 to 10GSS, Electrodes remarkably durable. 
Economical both of fuel and battery, as governor regulates both. One only 
valve regulates the supply of fuel and air. Impossible to flood either vapor- 
izer or engine with fuel. No gravity feed. Sight feed of gasoline. No waste. 
Starts easy. Easy to adjust. All parts accessible. Two methods of ignition- 
electric spark and hot tu be. Send stamp for Catalogue, an d state size needed. 
THOMAS KANE&CO., 04-66 Wabash Ave, Chicago, III., I. S. A. 



Gives Perfect Satisfaction. 

The result of scientific development in 

GAS ENGINES 

Construction strictly of the htgheat grade. 

Suitable for independent electric light plants and 

GENERAL POWER. 

Itseconomy is wonderful. Send for catalogue and 
state size wanted, and purpose to be used for. 

THE J. W. RUSERMFG. CO, 

5 Horse Tower. 222 CHICAGO STREET, BUFFALO, N. Y, 





SfeS Horse Power, 




THIS BEATS WIND, STEAM, or HORSE POWER. £St^ 

WEBSTER GAS ENGINE 

for 81QO) lsss lO* discount for cash. Built on interchangeable plan. Built of 
best materiHl. Made in lots of li:0, therefore we can make the price. Uoxed tor ship- 
ment, weight 800 pounds. Made for Gas or Gasoline, 13f- Write for Special Catalogue. 

WEBSTER MFG. CO. 



1074 WEST 15th STREET, 

CHICAGO. 



THE EVOLUTION S MECHANICS 

as set forth in "THE SCIENCE OF MECHANICS," by Prof . Ernst Macb. Translated from 

• the Second German Edition by Thomas J. McCormack. 250 cuts, 534 pages. Half Morocco. Gilt • 

• top. Price $2 50. Indorsed by the leading professors of physics and engineering, and by sci- # 
^ entiflc and mechanical papers the world o^er. Send for descriptive circular, and for free sample £ 

copies of "The Open Court" and *' The Monist." Also catalogue of other publications. 

THE OPEN COURT PUBLISHING CO., Drawer F, CHICAGO 



Extra Length Wood Boring Brace Drills For Bp!1 
Hangers, Telephone iind Telegraph Work. Go 
■ through plastering, nails and even brick walls, and 
can bf>sharpened. 
STANDARD TOOL CO., CLEVELAND, O.. U.S.A. 




F. W. LUSCOMB MCH. CO., New Bedford, Mass. 

. . . MANUFACTURERS OF . . . 

A STRAIGHTENING MACHINE 

THAT WILL STRAIGHTEN 

finished drills, taps, reamers, shafts or spindles which have become crooked 
by hardening, key-seating or accident. Always ready to use and will save its 
costinashorttime. Threesizes. Write us for descriptive circular and prices 



METAL AND ELECTRIC SPECIALTIES 



CLOCK MOVEMENTS 
AND TOOLS. 

TUERK BROS., Manufacturers, 39-45 W. Randolph St., Chicago. 




^BARNES'^ 

Upright * Drills 



<* 



Complete line, ranging from Light Friction 
Disk Drill to 42 in. Back Geared Self -Feed. 

|^~ Send for New Catalogue. • 

W. F. & John Barnes Co. 

1999 Ruby Street, R0CKF0RD, ILL. 



DON'T BURN YOUR HANDS 

It used to be difficult to handle the 
hot jars when cunning fruit. Burned 
hands, soiled dresses, and 
was oiten the case before 
the 

BOSS JAR HOLDER 

AND TOP WRENCH. 
With these the jars 
be filled, handled 
moved about easily 
rapidly. Try them 
be convinced. Sa 
by mail, 50c. A* 
wanted everywhere. 
For descriptive 
circul are and 
terms, address 

KLINE & CO., 

4 River St.. 
Florin, Pa., U.S.A. 




SMALL MOTORS FOR ALL PURPOSES 

Prices from $ 1 to Si 5. 

The Best Manufactured Specially adapt- 
ed for all kinds of light work, 
new No. 1 Motor and Battery Outfit 
complete, price, $1. No dangerous 
chemicals used as in other makes. 
I ut i I Sept.1 S a 4 in. Aluminum 
Fan Free willi Motor. Price of 
Fan, 25c. No. 3 Motor, 110 volts, with 
6 in. Aluminum Fan, $5. Nos 4, 5 and 
6 Motors have a Drum Armature,— 
not a 3 pole, as in other cheaper 
makes. Send stamp for circular. 

XD... fluff!* ClQ Book, Coil, Condenser, 
K3V UUITII* v> I Crookes Tube, Battery, etc., 
for prodWingCathode Photographs 10x12 in., guaranteed 
Ed son's Fluoroscopes. $6. X Ray book. 26c., cloth cover. 
50c, giving full description of all X Ray apparatus. 

Boston motor Co., liOHion, Mass., U.S.A. 
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| Lunkenheimer's Regrinding Valves | 



In Constant Use on = 
Government work, U. 8. = 
Cruisers, Lake and River = 
Boats, Locomotives ; in = 
Power Plants, Rollings 
Mills, Refineries. Facto- i 
ries, etc. s 

THEIR SUPERIOR MER- = 

IT and intrinsic value = 
can only be appreciated | 
by actual use. = 

Once Used — always = 
used. Specify " Lunken- = 
heimer" make and see = 
that you get it. None = 
genuine without name. = 
Our Pocket Catalogue = 
gratis— Have you one? = 

The Lunkenheimer Co., 1 

Factories, CINCINNATI, O. 

New York Store, 51 John Street. = 

European Store : The Lunken Valve Co., 1 

35 Gt. Dover St., London, S. E. = 




F. WEBER & CO. 

ENGINEERS' AND DRAUGHTSMEN? 

.'. SUPPLIES .'. 

— SOLE AGENTS FOR — 

RIEFLER'S PATENT DRAWING INSTRUMENTS 

— AND — 

A. OTT'S PANTOGRAPHS AND PLANIMETERS, 
and other Instruments of Precision. 
Laree Assortment of Mathematical Instruments and 
Materials for Schools and Colleges. ;; 




1152 CHESTNUT ST., PHILADELPHIA 
Branch Houses : St. I.onis and llnltimore. 

SW Send for catalogue Vol. III. 



IT'S IN THE SWING. 




24-40 inch swing— that's why the 
PATENT DOUBLE SPINDLE LATHE 

isso popular in up-to-date shops. Adapted for light, 
medium and heavy work, up to 40-inch diameter. Con- 
venient as a small lathe. Ask for illustrated evidence. 

J. J. McCABE, 



Iron Working Machinery. 



14 DEY ST.. N. Y. 
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The Carnegie Steel Company, Limited, 



MANUFACTURER OF 




BESSEMER and OPEN HEARTH 
BASIC STEEL OF ALL GRADES. 




OWNS AND OPERATES THE FOLLOWING WORKS IN PENNSYLVANIA: 



Edgar Thomson Furnaces, Bessemer. 
Duquesne Furnaces, Duquesne. 
Lucy Furnaces, Pittsburg. 

Edgar Thomson Steel Works, Bessemer. 
Duquesne Steel Works, Duquesne. 
Homestead Steel Works, Munhall. 



Keystone Bridge Works, Pittsburg. 
Upper Union Mills, Pittsburg. 
Lower Union Mills, Pittsburg. 
Larimer Coke Works, Larimer. 

Youghiogheny Coke Works, Douglass. 
Scotia Ore Mines, Benore. 



AT WHICH ARE PRODUCED: 

Armor Plate. Billets (i^ in. up), Blooms, Slabs, Coke. Ferro-Manganese, Spiegeleisen, Pig Iron. Forgings, such as Axles, Arch 
Bars, Links, Pins and other Car Forgings, Connecting Rods, Crank Shafts, Locomotive Frames, Eye Bars. Plates for Boilers, 
Bridges, Ships and Tanks. Rails, Steel, 16 to ioo lbs. per yd. Steel Splice Bars (plain and angle) for all sections of Rails. Rolled 
Structural Shapes, such as Angles, Rounds, Flats, Squares, Ovals, I-Beams, Channels, Bulb Angles, Deck Beams, Tees, Zees, etc. 
Structural Work, such as Bridges, Buildings, Elevated Railroads, Girders, Columns, etc. :::::::::::::: 

General Offices : 
CARNEGIE BUILDING, PITTSBURG. 

Sales Offices: 

atlanta, boston, buffalo, chicago, cincinnati, cleveland, denver, detroit, 
minneapolis, new york, philadelphia, st. louis, san francisco. 



HALL'S IMPROVED 

PIPE WRENCH 




It is strong as well as light in weight. 

It is drop-forged from tool steel. 

It will grip galvanized as well as other pipe. 

It will open a malleable fitting without 
crushing the pipe. 

It cannot lock or wedge on the pipe. 

It can be sharpened on a grindstone or em- 
ery wheel without taking apart. 




As A Screw Wrench it Ha* No Equal. 

Any part of this wrench broken with fair usage 



will be replaced without charge. 

SAMUEL HALL'S SON, 

No. 229 West Tenth St., New York. 



DUNHAM, CARRICAN & HAYDEN CO. 

SAN FRANCISCO. CAL. 
Distributing Agents for the Pacific Coast. 



TRIMO PIPE 
WRENCH. 

Drop-forged from bar steel. 




Thread on jaw and nut will not Btrip or burr. Does not 
lock. No wooden bundle to break. 

TRIMO PIPE CUTTER. 

The best working The easiest 
repaired. The strongest. 




wheel with rolls into a three-whe'efStter.'b/sutatitut- 

Sf ti £ 2 . K ra < :utl > n >-' wheels that accompany e»ch 
cu. ter, and to be found in the handle, that is provided 

in' D LV eC a e .?, t ,, !l £ le f, or r i" me < 8 ee cut). Send for Cata- 
logue a. Sold by all Jobbers. 

■ THIMPHU' MFU. CO., Roxburr, Mass. 



'*Ou.r Baby 




Motor 
and FAN, postpaid, 



$1.50 



Special Motors for Spec'al 
Piirp'SfB. Stamp for circulars 
of the Premier Products. 

M.R.RODRIG-UES, 

Station A, Brooklyn, N. Y. 



STANDARD TOOL CO., CLEVELAND, 0., U. S. A. 

Solid Shank Bit Stock Drills, lit any brace, and bore iron 
steel or wood. Ask for STANDARD Bit Stock Drills. 



SCOTT 



Fire Hydrants- 

ROE STEPHENS 



Safety Valves 

Gate Valves 
Check Valves 

Water Gates 
Brass Castings a Specialty. 

MFG. CO. 49 Jefferson Ave., Detroit. Mich. 



™ PELTON WATER WHEEL 

Embracing' in its variations of construction and application 

THE PELTON SYSTEM OF POWER. 

In simplicity of construction, absence o f wearing parts, high efficiency and facility of adaptation 
to varying conditions of service, the PELTON meets more fully all requirements than any other 
wheel made. Propositionsgivenfor thedevelopmentcf waterpowers based upon direct application, or 
ELECTRIC TRANSMISSION under any head and any requirement as to capacity. 
Correspondence Invited. Catalogue furnished upon application. Address 

PELTON WATER WHEEL CO., 

1 2 1 -23 Main Street, San Francisco, Cal., or 1 43 Liberty Street, New York. 



ro <Bt Name Stamps for 
Marking Tools, Etc- 

l-32in. to 1-16 In. 15c.. 1-16 to 3-16 12c. 1-4 in. 20c. per letter. Figure Sets 1-32 to 1-16 $1.25. l-16tol-8»l, 5-32tol-4, $1.25 
Alphabet Sets 1-32 to 1-16 $3.50, 1-16 to S-16 $3, 3-16 to 1-4 $:1.50. Made from best steel, all warranted. Send for 
Circular - SCHWA A B STA1IP A1VIJ WEAL, CO., Milwaukee, Wis. 






Scientific. Scientific.— Inside Front View. Scientific. —Inside Side View. 

Cottage Boilers. Five sizes for Steam Showing Drop-water Chamber,— a New Feature— adding one-third to Boiler 
or Water, with Drop-water Chambers capacity oeer any similar Boiler ever made. 

lARQEST AND MOST COMPLETE 
1L< LINE OF BOILERS EVER MADE 

For Steam and Hot Water Heating. 

Rapid Circulator, is Sizes. 
Scientific and Columbians. 

Patented in the United States, Canada, Great 
Britain and other Foreign Countries. 

Sectional Boiler" AlUizes. VcHlllltLnwHlLI I DUILCIlUU. Rapid Circulator. 

Single Boilers, one Are. _ Showing Water Circula. 

Large DoublB Boilers, two. ONEIDA. NEW YORK U.S.A. tion. 





BETHLEHEM 
ROTARY SHEAR 

Will cut Sheet Metal iind 
Plates}£ inch thick or less, in 
circles, curves or straight- 
away, any length, any width 
up to 31 inches. 

BETHLEHEM FOUNDRY AND 
MACHINE OOMPANi. 

South Bethlehem, l*a. 



FOR TIGHT FASTENINGS j 

of anything to stone or brick, try | 

EXPANSION BOLTS I 

Absolutely safe and simple. In 20 different = 
styles. Write for Catalogue. = 

STEWARD & ROMA IN E MFG. CO., | 

Sole Mfrs. 121 N. 6th St.. Philadelphia, Pa. | 



OUR I Oth ANNIVERSARY 

And over 30,000 people congratulate us 
for bringing to their notice 

THE DOUGLAS & ACME 

INSTANTANEOUS WATER HEATERS 

Become further enlightened if you think; 
life worth living as it should be by address- 
ing the makers. 

The Instantaneous Water Heater Co. 

Ohio & Market Sts., Chicago. 
New York, Philadelphia, 

C38 Broadway. 7 1 6 Walnut St. 

New Orleans, San Francisco. 

451 Camp Street. 719 McAlflster St. 

EWART & SON, 346 Euston Road, London. 

Exclusive Agents for the United Kingdom. 



THE NADIG SINGLE-ACTING 




STEAM ENGINE. 

Self ad justing and 
self lubricating, 
Specially adapted 
for dynamos, mills 
factories and all 
requirements. 

Portable and 
semi-portable. Ex- 
cellently adapted 
for agricultural 
..A and dairy purposes 
i^raeJiil &^~ Send for cat- 



alogue S. A. 




H, Nadig & Bro. Mfg. Co., Allentown, Pa., U. S. A. 



I Copying Cloths. 
ters. 2 letter size for trial, 15c, 
$1. Agents wanted. R. Spurgin, Mfr., Sta 
Q. Chicago, 



Very best for copying let- 
12 in a box, 



KeepCool 

By covering your steam pipes. 
Our covering gives *2<> per 
cent, belter results than 

Magnesia or Asbestos Sponge. 

Send for Proof of This. 
N.Y. Fireproof Covering Co., 

36 Corllandt St.. N Y 
Agents Wanted. 
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PURE 




OAK 






*» 



QlumbujJndlana, U.S.A. 

The flOONEY Leather 

Has no superior in the markets of the world. k 

m m 

■"%•■•-%. Received highest award and gold medal at •%.•-%.- 

the World's Columbian Exposition, 1893. 

nOONEY Leather has greatest tensile strength. 
HOONEY Leather is most durable. 
HOONEY Leather is most pliable. 

HOONEY Leather has a beautiful finish. 

- - No Wheel Stuffing Process to Add Extra Weight - - 



PURE 

OAK-TANNED, 

HAND-STUFFED 

NO. I 

TANNAGE 

AND 

FINISH 

GUARANTEED ! 

HARNESS 



TBADE MAWK 



% 



#0NEMc 



(* PURE OAK* 




^MBUS. 



V 



ESTABLISHED 1837. 

SEND FOR PRICE LISTS. 



REIN, 
BRIDLE & STRAP, 
BICYCLE SADDLE, 

CASE AND 

BAG LEATHER, 

ALL 

SHADES. 

THE BEST! 

LEATHER 



An 

International 

Episode. 

To Europe and return, 

in a 20-foot open boat, the " SOZO- 
DONT." As something never before 
attempted with so small a boat, this 
remarkable voyage recalls what 
Jtme. Bernhardt said of Sozodont 
last February, in a letter to a friend. 
She wrote: "It is the only dentifrice of 
international reputation." 
The " SOZODONT," Captain Charl- 
sen and brother, sailed from New 
York June 21, 1896, for Europe. She 
is a twenty-foot open boat, built 
expressly for the purpose. Promin- 
ent seaports in northern Europe will 
be visited, and in the summer of 1897 
the " SOZODONT " will return to 
New York. 

A half-tone picture of thiB boat and sample of Sozodont by mail, provided you send Ave cents for postage and 
mention this publication. Address HALL & RUCKEL, New York, Proprietors of Sozodont and other well- 
known preparations. 





No use trying! — It's mended with SPALDING'S. 



This celebrated Glue holds like a v*se, and saves its cost over and over 
again. Always ready for use. Does not freeze or sour. Price, 20 
cents. Sample by mail for the price if you mention this paper. 

HALL & RUCKEL, Proprietors, NEW YORK. 




SEE HOW EASY IT IS 

TO MAKE YOUR WARDROBE A POEM 

Its capacity is then double the prosy sort. Every 
article in sight, and you remove no older to get the 
one you want. Every garment you take out of it looks 
as though "just from the tailor's." The reform fixtures 
all you need. 

Perfection Yokes, garment hangers, - 75c. doz. 

Special Pants Hanger (creases and presses), 25c. each. 

Cross Bar (fits any closet or wardrobe), - l&jC. each. 

Sent by express (and sold by dealers). On $3 worth 
or more, we prepay express charges. Circulars free. 

Address, 

CTTZillEIR, BIROS., 

136 STATE ST., CHICAGO. 
Wholesale Agents. 
MARSHALL FIELD & CO., CHICAGO. 



Crude Petroleum Burners, for Steam Boilers. The 
best burner in existence. Inclose stamp for particulars. 
Bradford Burner Co., Brudford, Pa., U. S. A. 



A' 

Mi\' 



RACINE YACHT & BOAT WORKS. 

The Original Racine Builders. 

Row, Sail, Steam, Gasoline& Vapor Launches 

Send 10c. for 64 page cata ogue. 

Racine June, Racine, Wis., Station "A." 



«cagaazs3to 



Easily removed 
Pe; 



without 
breaking. Perfection tins re- 
quire no greasing. Bound, 
square and Oblong- 2 round 
layer tins by nndftt cent a. 
Catal. Free. Ageuta wanted. 
RICHARDSON MFG. CO., 9th St., Unlit, N.TT. 



AGENTS WANTED 

To sell the new Patent 
Combination Cookinaand 
Preserving Kettle, Food 
Cooker, Steamer and Cul- 
lender combined, in which 
any and every food in ex- 
istence can be cooked , 
fet earned and strained. 
Burning or wastingj of 
food or scalding bands is 
absolutely prevented. 
They are manufactured 
of steel and best enamel 
in the market, and war- 
ranted in every respect. 
Sample free, and territory secured. Address 
A. W. OBERMANN, 501 West Broadway. New York. 




TELEPHONE SERVICE. SsBS&STP,!: 

dividuuls deal 1 ! 11: i efficient, Telephone Service at moder- 
ate rates. The Cal lender Telephone Bichanpe Co., of 
Brantford, Canada, will shortly establish a U. s, factory 
for the production of its telephone apparatus. The 
Company is now prepared to quote terms and make con- 
tracts for Telephone service. The Callender system has 
several advantages over the systems now in use, and it 
can be installed and maintained at a lowercost. Corre- 
spondence invited. Satisfactory service guaranteed. 
THE CALLENDER TELEPHONE EXCHANGE CO., Ltd. 
Ivtuiiiurd, Canada. 




Print your own cards, 
labels, etc. Saves you 
money. ¥18 Press for 
circulars or a small 
paper. Old or young 



Arc 
You 
Awake gs \."Bik 

b ABOUT OUR $5 ?uTes. Pr Send 
PRINTING PRESS? stamp for cata- 
logue to factory. Address 
™HK PRESS CO., Mcriden, Conn. 



DECOY ROACH and 
WATER BUG TRAP 

JVO Poisonous Compounds, 

Cleanest, Safest and Quickest. 

GET IT. if^fc TEY IT. 




Young Engineer's Guide 

AND BE 

A Practical Engineer. 

Best and latest book of instruc- 
tions published. 242 pages. 53 il- 
lustrations. Leather Bound, 
8l.'-i"> ; Cloth, SI. 00. 

Published by 

J. V. ROHAN, Racine, Wis. 



FOREE BAIN, 

COWSTIIiTING BW&rWEEH, 

ELECTRICITY MECHAN^S 

Suite 1657-1059, Monaduock Block, Chicago. 'Correspondence. 



Electrical Supplies and Apparatus 



Of Every Description at Manufacturers' Prices. 

We make a Specialty of Work for Amateurs. 
we Solicit CLYMER & HEILMAN, 

READING, PA. 




DURANT'S COUNTING MACHINES 



will keep an accurate 
record of the amount of 
work performed by your automatic machinery. Corrects and Prevents 
mistakes. Counters received highest award at the World's Fair. 
. . . SEND FOR CATALOGUE. . . . 

W. N. DURANT, S33 Twenty- second Street, MILWAUKEE, WIS. 




AGENTS WANTED 

— for the only complete — 

Carpet Stretcher and Tacker 

The ** Belvidere" Stretcher works on an entirely new principle. 

It draws your weight with the carpet. No marring baseboard, pounding 
fingers, or getting down on the knees. Operator stands in an upright po- 
sition to stretch and tack carpet. Can fold carpet under and stretch two 
thicknesses as easy as one. The tacking device is simple and will drive 
60 tacks per minute. Tacks can be driven In corner closer than with a 
hammer. Every machine guaranteed. Good commission. Splendid 
seller. One agent took 38 orders in two days. Sample sent express pre- 
paid in the U. S., on receipt of S 1 .50 (retail prlce> with rebate on first 
order. Write for terms and cartoon circular A. Sample Columbia Tack 
Puller, postpaid, 'J 5c* We also handle several other specialties. 
Circulars Jru- THEGODDARD & ALLEN CO., Beloit. WU. 






ATENTED 



ISTON 
ACKING 




[f vou cannot obtain one from your dealer, send, us 
35c. and we will send one prepaid to your address. 

DECOY FLY PAPER CO.. limited. 

Detroit, Mich. 



THE HATMAKER — ^ 

MORTGAGE REGISTER. 

Compact, Complete, Convenient. Ask for a copy to 

examine. Capacity, 100 mortgages. Price. $1.50. 

II. J. HATMAKER, Box"S," ALBION, N. Y. 



PAT.AUQ.718B4 



for all purposes where Perfect Packing is required 
The two wedge shaped pieces slide on each other. 
This prevents binding and insures a perfect joint. The 
absorbent oil cushions keep the rod well lubricated and 
reduce friction to the minimum. Adjusts itself to all 
irregularities of rod and box. 

Points that make it perfect 

The most elastic packing made. It is impervious to 
the action of steam, oils, acids, alkalies and sulphurous 
water. Insures perfect lubrication, most economical- 
requiring less frequent packing. Works equally well on 
heavy and light machinery. 

" P. P. P. Packing gave us better results than any 
other packing we ever used." 

Edison Electric Illwninating Co. 

Made in lengths of 20 feet in all sizes up to and includ- 
ing % inch. All sizes above % inch made in 12 foot 
lengths. Try it. If it does not suit you, you need not 
pay for it. That's fair, isnt it? Let us mail you a batch 
of facts about all its good points. 

C. A. DANIEL, Sole Mfr. 

PHILADELPHIA, PA. 



ESTABLISHED IN 1814. 



JV^arston's J-Jand, Foot and ^t 63 " 1 Power Machinery. 




-k^HE oldest established manufacturers of 

V Hand and Foot Power Machinery in 

the United States 



llllllllllllltlllll lllllll III lllllll I I III 1:1.1 I 1 III llllllllllllllllllllllllllllllllllllllllllllllllllllll 

-k AUR machines are very strong, accurate- 
" ly made and of best material, and are 
guaranteed in every respect. All shafts are 
of turned steel, gears are automatic machine- 
cut from solid iron, boxes are genuine babbitt. 

iiiiiiiiiiiiiiiiiiiini urn iiiiiiiiini mii iniiiiiiiiiiiii itiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiinii 



Price List 

J. M. MARSTON &■ CO., 



.C END for our Illustrated Circular and 



244 RUGGT.ES STREET,! 

BOSTON, MASS. 
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The Duncan Company 



MANUFACTURERS OF 



High Grade Book Paper 

flACHiNE Finished and Super - Calendered 

Product, 40 Tons Finished Paper Per Day 




JijWwwy. miw WM.L.V. 



GENERAL VIEW OF THE DUNCAN COMPANY'S PLANT ON THE HUDSON RIVER AT MECHANICVILLE, N. Y. 

Chemical and Sulphite Fibre 

Chemical Fibre, 40 Tons Product Per Day 
Sulphite Fibre, 25 Tons Product Per Day 

Our exceptional facilities enable us to handle the largest contracts with promptness and satisfaction 



"'Ilf "'HI' '111! H M |I^ 



general office, 
Hartford, conn. 



Sales Office for Paper, 

101 Times Building, New York 
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SpringvSeatvPost 

(Benrdsley's Patent.) FITS ANY WHEEL. 
THE SPRING IN THE RIGHT PUCE AT LAST. 

Takes up all vibration. ^^ 
Makes riding easy. Ad- 
justable to all weights of riders, 
and to the resi- 
lience desired. 
Tightly blown 
a c d therefore 
fast tires can be 
ridden with comfort, 
No parts to get out 
of order. Adjust- 
ment always acces- 
sible. A hard, light 
saddle on this post gives 
greater ease in riding than 
any spring or pneumatic 
saddle on an ordinary post. 
Price $2.50 each, any size. 

ALUMINUM KING SADDLE 





THE UPTON 
Arc Lamp 

FOR ALL CIRCUITS. 

Cheapest to Buy, Use, and Haintain. 




Has two strong points 

COOLNESS AND COillFOBT. Correct form 
and construction. Perfectly adapted for both 
sexes. The frame is made of Aluminum and Silver, 
which makes a strong and elastic metal. The bodv 
of the Saddle is covered with cane seating, which 
is both durable and comfortable. Every Saddle 
guaranteed. S^~ Circulars free. 

CHICAGO TIP AND TIRE CO., 
15 to 21 La Salle Street, Chicago, III. 



how to mm BICYCLES. * 

An Illustrated Treatise, covering the entire 
subject, by a practical authority, showing neces- 
sary tools and material required. Mailed, post- 
paid, for 15 cents in stamps. 

THE FRASSE CO., 

11 'Warren Street, NEW TORE, N. V. 



Thermometers and 
Pressure Indicators 



For Central Stations, Steam Plants, and Water Works. 

Standard Thermometer & Electric Co. 

39 CORTLANDT STREET, NEW YORK. 

John Hancor.k Bldg., Boston. 26 Lunig Bldg., San Francisco. Appliance Co.,Chicago 

FACTORIES : PEABODY, MASS. 



Bicycle Spring Seat Post. 

Avoids all Jolt and Jar. 
" Hygienic Improvement to Bicycles." 



TAN KIT 



MHGERsohLs* aiaa 



DOLLAR TWINS 



AMERICAN WATCH 




A POINTER I 

Of all hand stamps ever in- 
vented. 
BUCK'S PATENT 

Flexible Hand Stamp 

It prints on any surface, either plain convex, concave 
or yielding, being formed of rubber type, mounted on a 
rubber pneumatic cushion. A few first-class general 
agents wanted, to whom special territory will be given. 
Bewtire of imitations and infringements. 
T. S. BUCK, Inventor and Sole Manufacturer, 

127 Worth Street, N.Y. City. 




Let us tell you how to 
get big returns for a 
small investment in a 



We make them, supply 
accessories, and have 
100,000 pictures in stock. 
Write forCataloguo A.M. 

Mcintosh 
Battery & Optical Co., 

CHICAGO. 



Guaranteed for one 
year. Over 1,000,000 
of these watch e s 
have been sold in 
the last three years 
at $1.50 each. 

Holder for attach- 
ing to Bicycle 25c. 
extra. 



CYCLOMETER 

10,000 mile (not 1,000) 
Lightest— weigh s 19£ 
ounces. Smallest- 
diameter 1% inches. 
The most accurate 
meter on the market 
Fits on fork, not 
axle. Guaranteed 
to be perfect. 
Watch or Cyclometer mailed, postpaid, for $1.00 
iy Circulars free on application. 



R. H. INGEItSOL.L & BR()., Dept. 14, 65 Cortlandt St., New York 




CEM ECC BEATER. 

Invention of a Boston woman. Adopted by up-to-date Cooking 
Schools. Sample, by mail. 15c. ; two, 25c. Special export prices. 
New England Novelty Mfg. Co., 24 F Portland Street, Bos- 
ton, Mass. 



Pamilu I no Mo rhino toft. etc.. in a f ew mlmitea. $10 and up. Filters. $1.25 and up. Cookers,$l. Seltzateurs 
ralllllj IbC lTldblllllC to prepare one's seif soda water. **,&) and up. L. Dermigny, 126 W.25th St., N. Y. 



ICE 



MACHINES, CORLISS & SLIDE VALVE ENGINES, BOILERS 
(all sizesi, BREWERS' AND BOTTLERS' MACHINERY. 

THE VILTER HFG. CO., KJ2KS&TEK: 



"Monitor" Automatic 
Acetylene Generators. 



For Reading Lamps, 
Stereouticoiis, 
Microscopes, 
Photo Galleries, 

Enlargements, 



The only perfect Generator. Safe, 
sure stu.fc.le, scientific and satisfac- 
tory. Low price, durable. Furnishes 
a light cheaper than city gas. 

WALMSLEY, FULLER & CO., 134-136 
Manufacturers. 



Houses, Churches, 
Halls, Gardens* 
Villages and Towns. 



Watchman's Improved Time Detector 

This Instrument 
is supplied with 
12 and 24 keys, 
covering either 
12 or 24 stations. 
Contains all mo- 
dem Improve- 
ments, 

Send for 

Circular. 
£. IIVIIIAITSER, «06 Broadway, New York. 




"MARS" 

Physical, Chemical and 
Electrical Apparatus. 

Models, Special Machinery, Acety- 
lene Stereopticaus. The only 
complete science factory i n the West. 

Wabash Avenue, Chicago. 

Send for Circulars. 



RISING 

RAP I D l! V 



,;,' tf vr v; 
IN # WJw 

PUBL d^ v ^"AIR CUSHION" 




RUBBER STAMPS 

(Metal Mount and Flexible 

Cushion) 
Make a Good Impression 



on Any Surface. 

DURABLE, 

NOISELESS, 

INEXPENSIVE. 
Special prices to introduce 



$50 Buys 
The Highest 
Grade, Best 
Hade 
riachine 
Ever Offered. 



TJLHARTFORD 



No. 2. 



New and important features: 

Type-bar made wide, with 
side guide. Alignment perfect. 
Ribbon moves crosswise and 
lengthwise automatically. Key 
action the lightest made. 

Everything guaranteed. Cir- 
cular free. 
THE HARTFORD TYPEWRITER CO., 1 Laurel St 




HARTFORD, CONN., U. 8. A. 



First line - - . - 26c. 

Additional lines - - 15c. 

Indelible Marking Outfit - 50c. 

F.ndorsement Stamp - 75c. 

Receipting Dater - - $1.50 
Autograph, with wood cat, 1.50 

Pocket Stamps - "' "" 



LOO 



Mailed on receipt of price. 
Satisfaction guaranteed. 
" Booklet" for the asking. 
176 page Catalogue for 10 cents 

in postage. 
Address Retail Dept. t 

The R. H. Smith Mfg. Co. 

Springfield, Mass. 
Headquarters for Stamps, Seals and Stencils. 



SPECIALTIES IN WATCHES! 

AliXj OKADSS AND 8IZTI8. 

Our rianufactures Comprise . . . 

Men's and Ladies' Watches. 
THE TRUMP, the cheap nickel watch. 
THE TUXEDO, the fine watch. ~~ 

THE ELFIN, the smallest watch. 

PATTERNS AND STYLES FOR ALL COUNTRIES ON THIS GLOBE. 

The Trump 
Cyclometer 

The Perfect Wheel Recorder. 
Catalogues of all our Specialties sent on application. 

THE WATERBURY WATCH CO. 

DOVER STREET, WATERBURY, CONN. 





FITS DLL BICYCLES 
WITH "H INCH OR 
LARGER POST 
HOLE. 
CAN USE ANY 

SADDLE. 
AVOIDS 
PUNCTURED 
TIRES. 
SAVES T5 
PER CENT 
IN WEAR 

OF 
WHEEL. 



Recommended 
by physicians, 
who claim that 
the constant sud- 
den Jar to the 
body causes injuri- 
ous effects. 
Raised and lowered 
same as any seat post, 
and adjusted to any 
weight. 

Makes your bicycle 
run easier, because you 
can blow up your tires 
solid without fear of punc- 
ture. 

PRICE, 

$3.00 

C. O. D. with privilege of two 
days' trial. 

(In ordering give exact size of 
seat post hole.) 

Agents wanted, 
ladies or gentlemen, 
liberal commission. 

BROOKS SPRING SEAT POST CO., 

1540 D MARQUETTE BLDG., 

CHICACO, ILL., U. S. A. 



iCypress Lasts Longer 



■mm:.-. 



than any other wood. It is 
best for Tanks, Tubs and 
Vats. What size tank do 
you want? Tellusandwe 
will touch bottom on price. 
Spot cash. 

CYPRESS CISTERN CO. 

Bridgeport, Fla. 



ms 



Copying Cloths copy letters perfectly. Non- 
fray i b e, lawt i e ts. AJm il oz. sol d. Tr I a I pa i r, 
by mall, 15a 1 doz. ■""* 
Chicago, 



|L ft. Bpuxtfin, 9ta, u, 




T-Al-ZLSTIKIS- 

We manufacture all kinds and sizes of 
CYPRESS TANKS. 

G. M. DAVIS & SON, 316 Lemon St., 
Write for Catakvut. Palatka, Fla. 






TANKS 

Or ALL. KINDS. 
WE MAKE A 5PE.ClftL.TY OF 
WASHINGTON fIR & LOUISIANA 



ttt, okwjxvi.vj* 



ADJUSTABLE 




BAND FASTENERS 

The Best in the World. 

Try them ana yoa will never build 

another tank without using tbia 

inahlp Mfff* 4 M.t Uarhif 1 , Wim. 



High -Grade Row Boats 

14 feet long, 40 inches wide, Square stern. Cedar ft OR 
planked, Oflktrimmed, and Copper fastened ..*?**»* 

Ribs, seats, transom, gunwales, and top streaks fin- 
ished in natural wood, second Grade Bouts, $30. 

All boats band-made, after Peterson model. War- 
ranted, -.team, Sail, Vapor, and Gasoline 
Launches made to order. Specifications furnished. 
One-half with order, balance C. O. D. 

THE ST. JOE RIVER BOAT WORKS, 
Box 485. St. Joe, Michigan 



NO FIRE, SMOKE OR HEAT. ABSOLUTELY SAFE. 




$250 and up. !3?~Send for Catalogue. 
Truscott Boat Mfg. Co., Drawer 9, St. Joseph, Mich. 

MONITOR 

M^NE^| nG !NES INCHES 



J?rT0fl T 



HEAT. 
SMflNt D * 

ODOR. 



MonitofiVapo^ Engine -X'^PowErV Company 

Grand Rapids. Michigan. 
oste6n of.eice. lu0l0w station. v0nkers. n.y. catalqsue eaf e. 




ON ANY TTPBWHITBR 

1^*^^^^^ Wo have machines of 

j^~" ^^t every make. Guaranteed 
jrV*^ ^l in perfect order or money 

if \V refunded. Sent anywhere 

#/ a ■ upn VI with privilege of examtn- 

Ml dAVhU | a "typewriters 

'^■^ R w " " »■' jf8o\di Rented, Exchanged. 
^r^B \\ // Write us before buying. 

Jw ^ijK jv Send for illustrated cata- 

^^^■h ^^ ^ _^ *&r logue of new and old ma- 
^^^^ ^*~- i ^^ chines. 

National Typewriter Exchange, 2 14 LaSalle St., Chicago. 



AGENTS! 



We have 

ilint ski, 

write for circulars. Send One Dollar for Sam plea 



itm — ft r tide » 

Bon't atop t<j 
If 



not eatiufactory* return them and pet your money. 

BfttlW* & CO., rfuakctfon, Mich. 



Shorthand by Mail. 

Quick and thorough instruction by experienced re- 
porters. The best system of stenography taught. 
Students fir. ted for responsible office and reportorial 

fiositions. A speedy and economical way of acquiring an 
mportant stenographic education. Stenography is the 
one profession the ranks of which are not overcrowded. 
Scores of important government situations now waiting 
to be filled for want of eligible candidates. Begin and 
learn shorthand now. It will be of incalculable benefit 
to you in the future. Have your sons learn also. Write 
for beautiful prospectus and first lesson mailed free. 

Potts' Shorthand College, Williamsport. Pa. 
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The World Renowned 




AUTOMATIC INJECTOR 



(30 CAR LOADS) 

In Actual Daily Operation with a Total 
Capacity of 30,000,000 Gallons per Hour. 

WHAT THEY DO: 

START LO W 

20 to 23 lbs. steam on 4 ft. lift. 

WORK H ICH 

145 to 155 lbs. of steam. 

LIFT W A T E R 

20 ft. on 60 to 80 lbs. steam. 

HANDLE HOT WATER 

120° to 125° at 80 lbs. steam. 

112° " 115° " 100 " 
95° " 100° " 125 " « 

SPECIAL INJECTORS 

Made to do special work. 

Work high to 250 lbs. eteam if desired. 

%W Send for our catalog of specialties 

PENBERTHY INJECTOR CO. 

116 Seventh St., Detroit, Mich., U. S. A. 

Agents wanted in all parts of the world. 



*Ml 



e=Flve Index "= oer mlts ol 

< tl accounts » tbe most CO" 

John "- .. J ^T 



fVft Copying Cloths make sharp, clean-cut let- 
- ter copies. Suited to any bath or wringer. 
2 for trial, 15c. postpaid. Agents wanted. 
R. Spurgin, Sta. O, Chicago- 



LIGHTNING WELL MACHY | 

PUMPS, AIRLIFTS. T! 
GASOLINE ENGINEsJjfea* 

circulars rntt Uff^s T : "' V5, LI 

THE AMERICAN WELL WORKS. 1 '®"? "***'& 
AURORA. ILL. -CHIC AGO.- DALLAS, TEX. 



jlars rntL 



FOR SALE, LOOK! 

Second-hand (extra quality) and new 
Engines, Boilers, Steam Hammers, Shears, Punches, 
Cranes, Shop Machinery, Rolling Mill and 
Blast Furnace Equipment. 

Locomotives and Cars second-hand. lVew Locomotives 

all sizes, gauges and stvles. 

B. M. EVERSDW 301 Smithlield St., Pittsburg. Pa. 

Sales Agent, BALDWIN LOCOMOTIVE WORKS. 



Harrison Long Distance Telephone. 

This illustrates our improved 




standard long distance tele 
phone. The transmitter is con- 
structed of material that is non- 
packing and requires only one 
fell of battery. Induction coil 
is especially wound. The receiv- 
er is a compound magnet bell re- 
ceiver. The generator is made of 
the best magnet steel and rings 
clearly and distinctly through 
10,000 ohms resistance. All con- 
nections are BOldered. Themag- 
neto is equipped with a gravity 
switch, and in place of a push 
button to shunt the eenerator, 
the mere pressureof turning the 
crank cuts in the generator. 
Cure tn I attention Is i-'iven to the 
inspection of all parts of the in- 
struments by competent electri- 
cians before they are assembled, 
to avoid any possibility of faulty 
mechanism. We also manufac- 
ture the most complete and per- 
fect working switchboard made. 
For prospectus and general in- 
formation, write to the 

Harrison International 
Telephone ConstructionCo. 

ROOMS 61 5-816 
MARQUETTE BUILDING, 
CHICAGO, ILL. 



RUBBER GOODS 

. . . OF. . . 
SUPERIOR QUALITY 

FOR ALL 

MECHANICAL & MANUFACTURING PURPOSES 



BELTING, 
HOSE, 
PACKING, 
GASKETS, 




VALVES, 
TUBING, 
MATS and 
MATTING. 



MANUFACTURED BY 



BOSTON BELTING CO. 

Jas. Bennett Forsyth, Mfg. Agt. and Gen. Man. 
354 DEVONSHIRE ST., BOSTON. 

loo and loa READE ST., NEW YORK. 




SIMONDS SAWS AND KNIVES 




Cold Medals and Highest 
Awards Everywhere. 



© BAND 
CIRCULAR 
CROSSCUT 

Machine Knives of all kinds 

Address: SIMONDS MANUFACTURING CO., Box 716, FITCHBURC, MASS. 



THEO. ALTENEDER & SONS, 



DRAWING 

947 RIDCE AVE., PHILADELPHIA. 

INSTRUMENTS 



Send for Catalogue. 



Stark No. 4 Bench Lathe 

with Automatic 
Turret Head 

JOHN STARK 

W Send for catalog B,L, WALT HAM, MASS. 

Tiwrk Br**, ,.15-16 Writ Rinilripti FtJMt, ChJnxa II Chas. Churchill & Co. 
CM , 1 Osm BttMt, FtaifatirT- UrodcD. E C. jlfijE**. 




Graduated Beam Calipers. 

Jtfitr* For all Trade and Scientific pur- 
•pcjsub. Vcroierand Metric System. All tools 
warranted accurate. %W~ Send for circular and price. 
Address K. G. SMITH, Box A, Columbia, Pa. 




Ex1ctmM l .^S!? 



WHEN HE GAME AND WHEN HE LEFT. 

The Standard 
I Employes' Time 
Itecurder tells 
to the minute 
when each em- 
ploye arrives 
ana d e parts. The 
employe can't 
complain at the 
results, because 
he operates the 
. device and sees 
I just what it re- 
cords for or 
against him. 
~ M ; !■■:-■ empire es 
prompt. Saves 
disputes, saves work, saves money, and lots of it. 
Ask for illustrated booklet, telling all about it. 

The Standard Time Stamp Co., 

644 WASHINGTON ST.. NEW YoflK, N. V. 





Experienced In 
developing 
in vent [one, 
wire working, 
paper working, 

_ printing, 

and industrial devices generally. 
139, 111, 143 Center Sueet, New York. 



The Detroit Sight Feed Lubricators 

are our specialty. We were pioneers in the industry, 
having been the first firm in the world to equip a loco- 
motive with a sight feed lubricator, and for over twenty 
years we have been manufacturing, experimenting with, 
and improving our devices. As a result, our present per- 
fected lubricators for Locomotive Engines, Stationary 
Engines, Portable, Traction and Hoisting Engines, Gas 
Engines, Air Compressors, Steam Pumps, etc., are univer- 
sally esteemed the best and most reliable articles of their 
kinds. They are in very general use on the leading railroads 
of the United States, the Pennsylvania System alone hav- 
ing about 5,000 of our locomotive styles, and on several 
foreign railway lines ; they are being specified for nearly all 
the high-grade engines being built and for Government ves- 
sels and plants; and they were awarded the Gold Medal and 
Highest Premium at the World's Columbian Exposition in competition with all other 
existing makes. Fully 300,000 engines in all parts of the world are equipped with 
the Detroit Sight Feed Lubricators, and the demand for them is constantly increas- 
ing. We issue three catalogues; one descriptive of our Locomotive Lubricators; 
one for our Stationary and other Engine Lubricators, Brass and Glass Oilers; and 
one for our full line of Steam and Hot Water Radiator Valves and Globe Valves, of 
both quick opening and screw stem styles. Any or all of these catalogues will be 
sent on application. Every one of our Lubricators is guaranteed to give satisfactory 

Detroit Lubricator Company, 

Offices, HODCES BUILDINC, DETROIT, MICH., U. S. A. 




N<* Other S;mh Lack lg jta well uml^rittood or 
■pprecl&terf by Architect** 




CJLTALOaUX FKJCfL, 



No other Sash Lock has as Large a Sale. 



SUPERIOR TO COTTON WASTE 

Endorsed by Fire Underwriters. 
Safe, durable, cheaper. 
Agents wanted. 



.igsft 



111 1 1 In/iHf i 



Beware of 

loose woven imitation* 

AMERICAN SILK MFG. CO. 

313 Walnut Street, Philadelphia, Pa, 



A Beautiful Jewel Casket 

W 1 1 1 be a ent you for nrm I y 25c. a n sta in ps. Worth 1 do 1 1 ar. 
Very beautiful mid handfturne- Scroti pattern* Every 
home should have this elegant casket. Send now. With 
every "rderwe also send two larire catalogue*, of pm- 
?Jes, tricks, novelties, and hundreds of other goods free. 
Casket is 6 in. high, 5 in. wide Find i in, broad* Setid at 
uncc, and you will be twice pleased* Address 

Puzzle Co., Wausau, Wis. 




Cbe Pbotograpbic Primer 

By J. C. WORTHINGTON and J. C. MILLEN, M.D. 

THE PRIMER is 

a simplified, accurate 
book on photography, 
and should be read by 
every amateur. 

Press and Public indorse the book a? the first real 
helper offered the worker in photography. 

The Photographic Primer is bound in Art Vellum and 
for sale by all booksellers, or will be sent post- 
paid on receipt of One Dollar. 

FREE I Prospectus of Primer and an interesting 
book on 

FRENCH SATIN, JR. 1 

THE STANDARD 
BLUE PRINT PAPER, 

Also sample print and price list.. 



J. C. MILLEN, 
923 Arch St.. 
Philadelphia, Pa. 



Copy Your Letters and Telegrams on the New Improved 

=!c COPYING MACHINE 

It combines the Screw Preaa» the Cloth Bath, and the Copying Boob In one. It makes perfect 
copies instantly It produces the moat aplendld copied effect on circular letters. 
J3T Sr no for free circular. J, HE NICY ANDERSON, »ll IHonailnock. ClUCACO 





CLEAN HANDS. 

Every lady buys a STOVE POLISHING MITTEN 
at sight. Polishes the stove better and quickerthan 
a brush. Sample by mail, 25 cts». a set; 5 sets, $1.00. 
Special export prices- New England Novelty 
Mfg. Co., 24 F Portland Street, Boston, Mass. 



LIGHT FOR STREET 

AND DRIVEWAY. 

TUBULAR STREET LAMPS 

The No. 3 Tubular Globe 
Street Lamp gives more light 
with less oil and less care than 
any other pattern of oil street 
lamp in the market, burns 
foul hours for one cent, and 
can be regulated to burn from 
four to sixteen hours. 

Tubular Lanterns, 
Tubular Station Lamps, 
Locomotive Head Lights, 

Railroad Lanterns. 

STEAM GAUGE & LANTERN CO., 
SYRACUSE, N. Y. 




BUCK jfeTBROS. 
CASTAS STEEL 



Pattern Maker's Gouges, Wood- 
workers' Chisels, Gougea,Turnin« 
Tools. IW Send for Price List. 
BUCK BKOS., Millbury, Mass. 



ADVANCED SCIENCE! 

The latest revelations in modern photography fully 
illustrated. 



Mounted 



XRADIOGRAPHS' 



Life Size 



Being Untouched Reproductions of Negatives, repre- 
senting: thfi most careful tind finished work of the lead- 
ing Professors in our colleges, by special arrangement 
with whom 1 am enabled to offer a series of pictures 
showing the results of their experiments, 

A COLLECTION OF WONDERFUL PHOTOGRAPHS. 

Curious revelations in human nnd animal anatomy. 

Mounted Photographs, 11x14, 50 cents each ; 22x27, $2.50 
each, to anyone mentioning No. S 7.96. 

Lnntern Slides. Sets of Five, $7,50. Sets of Twentv, 
$25.00. 
WILLIAM BEVERLEY HARRISON, 39 Fifth Ave., N.Y. City 



SHUTS UP LIKE A TRUNK, 




Bakes bread and 
roasts m eats. 
Things cooked In 
it keep their full 
flavor and nutri- 
tious qualities. 
Browns to a turn, 
but never burns. 
It is called the 
Excelsior Pan, 
and you'll say it's 
r igh tly named 
when you see it 
tested. Ask for 
our batch of cir- 
culars. 

..-_■? Barber-Koenig 
y Mfg. Co. 

BOX 5, 

HAZELTON PA, 




BICYCLISTS 




TAPERING 
RUBBER PLUGS 

are the ideal tire menders — cannot slip or be punctured 

anew. Send five 2 cent stamps for assorted samples. 

BICYCLE APPLIANCE CO., 1004 Walnut St; 

Mention this paper. Philadelphia. 



"*" D 'J /* ' ' , 

2< § SABIN MACHINE CO. 3 

*V **0* T RE L I E R % Ver.nnnl. '' f 

OIL TEMPERED' SPRINGS. ,' 

^i ftftim f- »v£fl.iO*£rp.»*£V Vnr«i,r; 'OR AS.i'-C-'L"'!*** 

7* Hvlf bttfH 5PBi»r.J. 1 and- S+CCi* r iPH^iS 

DBuBlE. A£?ihi( BJTJS- I 10* n*HiGg£ P kKfj S [ i . »*_ 

MADE FROM SHEET ST[ft AND STEEL WIRE. 




In nine cases out often, a good shave 
depends on a good razor strop. An 
infallible guide to the purchase of the 
fineststrops that thelongestexperience 
and highest skill can produce, is the 
name TORREY. Your shaving diffi- 
culties are over when you get a 

Xorrey 

RAZOR STROP 

Are made in all styles. 
Complete catalogue free. 

Tells how to use a strop. 
P. 0. Box 1047. Worcester, Mass., U. S. A. 
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Scientific £mx\tnu. 



in 



' PUPrif A" TYPEWRITER 
CUIfb IV M RIBBONS . . . 

Strktly non-type-fllling, superior, lasting ana copying. 

U FII»FI^&" TYPEWRITER 
EL U KB IV A CARBONS- . 

Sharp, strong write. without an equal 
If your stationer cannot 
supoly above, order di- 
rect. We will send at 
race, postpaid, 
Ribbons, $1.00 each, 

$9.00 doz. 
Carbons, - 60c. doZo 

«4. 00 per box, 

(Nine dozen in box.) 
I* we cannot please you, 
have your money return- 
ed. Everything abso- 
lutely guaranteed. 

MITTAG&VOLGER, 

Park Ridge, N. J., U.S.A. 

Mfg. for the Trade. 




Tfl lUI/CUTflDO E * Kcinisslow, Manufac- 
I U ItlVCP. I UnO. turer of Fine Machinery 
and Models, offers Special Facilities to Invent- 
tors. Guarantees to work out ideaBin strictest secrecy, 
and any improvement that he can suggest goes with the 
work. Thousands of men have crude though really val- 
uable ideas, which they lack mechanical training to de- 
velop. Novelties and patented articles manufactured 
by contract. 1SI Seneca St., Cleveland. Ohio. 



The Backus Gas Engine. 




Simplest and best. Has 
fewer parts than any 
Gas Engine built. Can 
refer to customers who 
first tried other makes 
that were failures and 
then purchased the 
Backus. 
Send for Catalogue. 

Chicago Water 

Motor&FanCo. 

171 & 173 LakeSt,, 

CHICAGO, ILL. 



A CLOSE SHAVE 

and an Kaay and Rapid one \ 
tn*nr«ri hvihn Use Qj 1 be 




1 SAFETY Ml 




44 



THE "QUAD" CAMERA 

© AX S5.CO o 



* 



May seem too cheap to be good, 
but its makers will refund the 
^fe price paid for it, if its work is 
not found to equal that of any 
$15 camera on the market, and 

The NEW QUADRUPLEX PLATEHOLDER 

is what does it. 
Size of camera 4 5 { x 4% X 6 inches. ,. ^ 

Size of picture %% x '&% inches. 

If your dealer does not keep them. 
Jt Jt send us two lc. stamps for Bample of 

the work and illustrated catalogue. 

CLOSE & CONE, 126 State Street, CHICAGO, ILL. 




For conveying and mixing 
materials. 

H. W. Caldwell & Son Co., 

125 W.Washington St. 

Chicago, III. 



THE PRATT efc WHITNEY CO. 

HARTFORD, CONN., U.S.A. 

ZFizne jyCa^cli ine Tools 



COMPLETE PLANTS FURNISHED FOR 

Bicycle, Typewriter, Gun and Sewing Machine Makers. 

Gages and Small Tools for General machine Work. 



FORGING AND TRIMMING DIES, 

FOB ALL, CLASSES OF WORK. 



AUTOMATIC 'WEIGHING MACHINES, 

A REVOLUTION IN WEIGHING AND MEASURING. 



Can be used safely anywhere on land or sea, d.iy or ilitfhl 

RAZOR COMPLETE, $2.00. 
Stropperand Strop, $1,75. Both lnonecase, $3.75. 

E. LOTHAR SCHMITZ, Manufacturer, 
92 and 94 Rcade Street, • New York, N. Y. 



BUCK & HICKMAN, 280 VVhitechapel Road, London, E. CHAS.CHURCHILL & CO., Ltd., 21 Cross St., 
Finsbury, London, E. C. F. G. KREUTZBERGBR. FEN WICK FRERES & CO., 21 Rue Martel, Paris. 

BOSTON-281 Franklin St. 
NEW YORK— 123 Liberty St. 



CHICAGO— 42 and 44 South Clinton St. 



TOWERS and TANKS 

PATENT SECTIONAL 

ALL IRON TOWERS 

of 4 and 1 2 Columns, 

for Water Works, Cities, Towns. 
and Manufactories. 

PLAIN, ALL WOOD TOWERS 

ELEVATED TANKS 

for Automatic Fire Sprinkler Plants 

Manufacturers of 

IRON anil STEEl. TASKS. 

Louisiana Red Cypress Wood Tanks 

a Specialty. 

W. E. CALDWELL CO., 

219 E. Main Street, 
LOUISVILLE, KY„ U. S. A. 





Umbrella AiUcbmejt lor Bicycles. 



Protection from sun snd rain. Readily attach 

. <lay 12, lffifc, No 

-.■ii em for sule or i ■ 



ed to any bicycle. Patented May 12, ltttJU, Ko, 

This valuable patent for sale ox H 

For terms and par 



5*30,077. E&~Td.ei valuable 
manufacture on loyalty, 

1 JCU !&]>:, address 



EFFIE M. BATTENBERG, Decatur, Ind. 



T he Van N oman Universal Bench Lathe 

A Lathe* Milling Machine, 
Screw Cutter and Universal 
Grinder in one tool. The 
best too) made for all kinds 

, of small work. Made by 
Waltham Watch Tool do., 

SPHINGFIEI.U, MASS. 
^^TSend J or Catalogue, 




MATCH MACHINERY. 

Latest improved. Complete plants furnished. JOS. C 
DONNELLY, 1209 Buttonwood Street. Philadelphia. Pa 




N. Y. CAMERA EXCHANGE. 

50% Saved o n all makes of Cameras 

Headquarters for Buying, Sell- 
ing, and Exchanging Cameras or 
Lenses Large assortment always 
on hand. Developing, printing, etc. 

Photo supplies of every de- 
scription at lowest prices. 

HW~Send 2c. stamp J or baT» 
gain list. Address 
N. Y. CAMERA EXCHANGE, 43 Fulton St.. NEW YORK, 

LEW CYCLE CLOCK. 

A handy little timepiece for the 

ShootingWagon, Fishing Boat.Wood- 

, * land Camp and the Bicycle. Weight, 

OCK 4 ounces. Neatly arranged in flexible 

? leather case, with pa f . rubber guard 

h ring. Cannot be jarred. Fine marine 

5 movement and second hanos. War- 

f ranted good timekeepers. Illustrated 

5 circulars free. Price $2.00. 

: LEVY CYCLE CLOCK CO., 

* 1819 Ridge At., l'bila., Pa. 



"AMERICAN" 

STORAGE CEILS 

ARE THE MOST 

DURABLE 

and EFFICIENT 

FOR ALL PURPOSES. 

Medal Awarded, Chicago Exp., 1893. 

AMERICAN BATTERY CO., 

44 W. Quincy St., Chicago, III. 

Rend for Descriptive Circular. 

Established 13311. 



IN BAD ODOR 

"^jveryth.ritf that is many hours 
fn the old style of refrigerator. 
That is unavoidable from its con- 
etruction. In the new and patented 

Read's Odorless Refrigerator, 

Onions, and all kinds of vegi- 
tables, fruits, fish, meat, cheese, 
butter and milk can be kept to- 

f:ether without uny fear of epeii- 
ng by contamination. Requires 
less ice. Needs no washing out. 
Money refunded if not as repre- 
sented, fcy Send for catalogue 
and testimonials. 
THE KEYSER MFG. CO., Sole Manufacturers, 
BOX 8, CHATTANOOGA, TKNN. 




SoapiSpongeRack 




PRACTICAL. ADDS TO THE COMFORT OF 
THE BATH. SOAP AND SPONGE IS ALWAYS 
UNDER YOUR HAND. A GOOD SELLER. $1.25 
each. Have 'em cheaper and also more expen- 
sive. Ask your dealer for it, or write ta 

LEO FRANK, Maker, 

171 Fulton St., New York. 

Catalogue. Discount to the trade. 



Write for our new book, The Origin of Stammering, by GEO. 

'■■ ■- " ' 'eat — - 



H*% ^^k %f ^^b, II I Write for our new book. The Orig 

■ ■■ ■ «V I ■■ I ANDREW Lewis, (who stammered for more til 

^0 ^^J W ^^J ^J I t he Cause and Correction of speech Defacts. 

STAMMER? 



WE: BUILD 




tP, 



W 



1 



fire Foiling Machines 

— With F. B. Manville's Pat- 

U ent Sliding: Former. Arti- 
>■=*. I cles made from co.il of round, 
*-4*J flat or square wire, same as 

» ^^ shown in the cut. 

V^|J B^'Bent Wire Goods furnish- 

1 a ed to order. 

BLAKE & JOHNSON, 

P. O. Box 7, Waterbury, 
Co U. S. A. 




STERILIZING AND DISINFECTING APPARATUS 

FOR THE 

SURGEON, HOSPITAL AND HEALTH DEPARTMENT. 

ASEPTIC SURGERY IMPOSSIBLE WITHOUT THEIR AID. 
ADOPTED BY LEADING EASTERN HOSPITALS. 

CORRESPONDENCE SOLICITED. 

THE SHIPMAN ENGINE MANUFACTURING CO., 

Sole Owners Prime Letters Patent for STEAM PRESSURE STERILIZATION. 

Rochester, New York, U. S. A. 

Btjildbrs: Shipmau Oil Kngines. Marine Kngines and Boilers (1 to 40 horse power) 

Automatic Pumping Outfits. 

All Fruit Growers will be Interested in our new Steam Power Spraying Outfit. 

Printed Matter? 



More Useful OnWaterThan Bicycle On Land 
RcquircsNeither Skill Or Strength 
Amy One CanRun Boat Torward, Back. 
-5- Steer Or Stop. •£-"" 





Send Stamp ros Illustrate nCmom 

FRANKS. A LLEN«anf> 

136LibertvSt, 

NewYohkU5.A 
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$20,000 

$10,000 Life. $10,000 Accident. 

EXAMPLE : 
Age 35. Annual Premium $291. 

THE TRAVELERS 

INSURANCE COMPANY'S 

INCREASING 
WHOLE LIFE POLICY 

Good at the Beginning and Good at the End. 
RESULTS GUARANTEED. 



All Policies issued at age 35 for 
$10,000 will on their 20th 
Anniversary be guaranteed a 
paid-up value of 

Cash Surrender Value of ... . 

On the 30th Anniversary a paid- 
up value of 

Cash Surrender Value of . . . 

On the 40th Anniversary a paid- 
up value of 

Cash Surrender Value of . . . 

On the 45th Anniversary a paid- 
up value of 

Cash Surrender Value of . , . 

On the 50th Anniversary a paid- 
up value of 

Cash Surrender Value of . . . 



$8,740 
3,975 

11,711 

6,785 

14,273 
9,978 

15,303 
12,452 

20,000 
17,000 



Andrew Lewis, (who stammered for more than 30 years.) A Practical Treatise on 
the Cause and Correction of speech Defects, with original illustrations by the author, 

showing the Difference between Mild 
and Severe Forms cf Stammering. 
A copy of the above book, neatly 
bound in imitation soft leather, with 
testimonials of past graduates and 
full particulars regarding treatment, 
sent postpaid to any address. 

THE LEWIS SCHOOL. FOR 
STAMMERERS, 41 Adelaide St. 
Detroit, Mich. 



No premiums required after age 85, and the values 
stated are absolute. 

Premiums adjusted to ten, twenty, thirty or forty pay- 
ments as desired. 

The policy is non-forfeltable and Incontestable after 
the fifth anniversary except for fraud. Paid-up and 
surrender values attached to each and every year after 
the third, for which the premium has been paid. 

The policy will be accepted by the company as a 
collateral after the fifth year for 75 per cent, of the 
reserve , either as a temorary or permanent loan. 

On the 30th anniversary the policy can be made self- 
supporting for the full amount, and return annually 
thereafter $94.00 In cash. Deferred until the 40th anni- 
versary. In lieu of additions, the annual cash return 
above the premium charged will be 1520. 

The policy is at any time after the 20th anniversary 
convertible Into a life annuity, or an annuity certain for 
a fixed term. It gives a larger Insurance at the begin- 
ning, and a larger guaranteed increase at the end, than 
any life policy ever issued for the same premium. 

Until the 20th anniversary is reached. In case of death 
by External, Violent and. Accidental Means, the full 
sum of $90 7 OUOwlll be paid. Between the 20th and 30th 
anniversarlea, 124.000. Between the 80th and 40th, 125,321. 
Between the 40th and 45th, t2G,fti3. The accident insur- 
ance ceases at age 80, and the premium is reduced 
$20 per annum. 

JAMES G. BATTERSON, President. 




The Berkefeld House Filter 

only Filter Removing TaphtM and Cholera. 
flawS*. Tested and indorsed, by nmny 
leading authorities in Europe and Am- 

erkML It gtvt'H a continuous How of lit- 
tered water, absolutely free from germs. 
It is easily cleaned, as all impurities re- 
main on the surface of the filtering 
cylinder. Cylinders can be sterilized by 
boiling in water for one hour. Send for 
circulars and prices to the 

BERKEFELD FILTER CO.,1 
4 Cedar Street, New York. 



aMactiTers 



Expert 



Chemical 
Services 

furnished to solve 
Inventive Problems 
Develop Ideas or for 
Experimental Work 
Have your waste 
material utilized, 
your ores assayed, 
■ or other products 
analyzed. Expert advice in chemical, elec- 
tro-chemical or chemico-legal matters. 
Established 1856. Correspondence confidential 

MARINER & HOSKINS, 

Chemists and Assayers, 
81 Clark Street (top floor). CHICAGO. 




Perfect Picture! 

_ New method; without chemical!. 

Ie □ ae h , t j :ttha. a u ullght or fl aa ta-pow. 
L ider. Carried in reari-pocket readv 



etit'pocket ready 
for instant use day or night. A beau* 
tifully fin lab ed picture every min- 
ute. Complete apparatus with im- 
pn?flfilon slips, lo c«pte, postpaid. 
W.SNTKAcKAd> 1( 

811 Chamber* Street, 

A tw Tortt Cttjfc 
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KataMUlied 



-lssa.- • ■ 




MENiWOMEN 

Taupht to mite CrnyonTat-tratt* in wt»re hours at 
their homes by a new copyrtKh'tf* method. Those 



, .Trnipht to mure Crayon l\irf riiita In spare „ 
1 itbelr homes by a new copyrighted method 
- ■ Le&minjj 1 — 
t -by which 

■ h [oey can 

' 'Send for particulars. WS]1 lie iiEenge'd'to Bend'leniiti for 

* 'parties wish I rise to come to niy school. 

! '»# A+ C.BIFF, term un Artldt, Tyrone, F&. t 



my_ method will rn- furnished work by me,' f 

£ EARN $8 TO S 16 A WEEK.i! 



BARGAINS = BeBt Electric Bell Outfit com- 
1 plete, *!. Illustrated clr. free 
IN = to every address. 

ELECTRICAL I ELECTRIC Bell Hanger's 
.,,„,., ¥ „_ I Guide. 40 pages, illustrate*, 10c. 

SUPPLIES. 1 to any address. 

C. M. TURNQUIST, 216 So. Clark St., Chicago. III. 



BEAUTIFUL 

MOOSE-HIDE MOCCASINS, 

(CHAMOIS TANNED) 

Men's Sizes 6-1L .' (2.75 

ladies' and Boys' Sizes 2-6 2.25 

Youths' and Misses', — — -^* 

Sizes 11-1 $1.75 

Children's Sizes 5-10 . 1.25 

Sent prepaid on receipt o I price. 

METZ& SCHLOERB, 
Oahkogh.WI*. 

We also have these Moccasins in Slippers, hanflsome 

floods, in sizes and at prices as quoted above. Eitherkind 
b not only elegant, but sensible and comfortable bouse 
footwear for young as well as old. Especially desirable 
for tender and swollen feet. Money refunded if not 
satisfactory. 





TELEPHONES 

For Exchanges and Long: Distance Use. Our 
improved Carbon Trjmsmitter is very effect- 
ive. HIGH GRADE instruments only 
manufactured by 

THE UNION ELECTRIC CO., 

IG HIGH STREET. 
CLEVELAND, <).. U. S. A. 



U 




SPECTACLES 



I arestapleasHour,andpaybig 
I protits. Send tor catalogue. 

IgampleCaeeFreewithevery 

outfit, j*.£* HaJLEY, Oept. V. CHUJACO, IL L. 

FOR THE POULTRYMAN, FARMER, GARDENER AND 
HOUSEKEEPER.— Wilson's Pat. Machines. The $5.00 
Hand Bone, Shell and Corn Mill. The 
'Family Grist Mill. The Daisy Bone 
.Cutter. The Gem Clover Cutter. 
} Power Mills. Farm Feed Mills. 
Send for Circulars ami Testimonials. 
WILSON BROTHERS, 
En p* ton. i'a. 




INCUBATORS 



Our 160 Pft£8, finely illustrated 
Combined Poultry Guide and 
CfttaJojju&will tell you what you 
wish, to know about 

PROFITS IN POULTRY 

Ws manufacture a complete 11 ^e of Iacubntora T , 
Bioodaes and Poultry Appliances. <iuid« end Oati> 
JoguelUo. i stamps or ei l*er) Worth ono Dollar* 
R*ll*ble Incubator A Brooder Uo.* Qui nry t 111 




Give Your Horses Clean Oats 

BY USING 

Rasper's Self-Acting Oats CleanBr 

Over 15,000 now in operation. Clean 
oats means something more than a mere 
Shuffle with a hand sieve. It will pay 
you to write for adescriptive circular to 

THOMAS WHITFIELD, 

Sole Owner and Manufacturer, 
369 Wabash Ave. Chicago III. 
Highest honors. Medal and Diploma, 
World's Fair, 1893. 



ADDING wRuoSr»e"t.raJSS FIGURES 

The ADDBK does it. Price |5. 

E. R. UEAC1I, 11 William St., New York. 




wx r rno i oH i 



Easy to make HellinirBE VERI DOE'S I 
Automatic flnouer* Practical sndf 
aatisfactory. No scorching, no odor. | 



•#£*• 



Saves labor and fuel and fits any stove. I 

Good pay to agents of either sex. I 

2385 sold in one town. Writs (P. O. 728), i 

BEVERIDfiEMFG. CO., faft|»gm Mil. 







Before Buying a Ne^v Harness, send 2c + 
acamnfor illus, catalogue giving full de- 
sod oil on of Custom Hand -made Oak 
LeatTi er H arneaa. Sold d Irett to eon&n m- 
erg at wholesale prices. Wc pay the fffht, 
KiNfi HarnessCo., Sifts., $ Church St., 
Offego, N. Y . |y Send for catalogue, S. A , 



Illustrated 

Monthly 

Magazine. 



American Homes 

Devoted tothosewhowishto 

PLAN, BUILD or BEAUTIFY their HOMES. 

Contains Designs and Plans of Moderate Cost Houses, 

Arrangement of Grounds, Decorations, etc. 

One year $1. 3 months 25c. 

AMERICAN HOMES PUB. CO., KNOXVTLLE, Tenn. 



O. K." Dry Battery 




- MANUFACTURED BY — 

€1k non=Po1ariziit9 Dry Battery Company 

347 WEST BROADWAY, NEW YORK. 

The Best, Cheapest, Most Convenient 

and Absolutely Reliable Electric Source 

The main effectiveness and utility of the " O. K." Dry Battery, manufactured by The 
Non-Polarizing Dry Buttery Company, lies in the fuct that it consumes none of its 
power when inactive, as it has no local action whatever ; only when the circuit 
is closed does the " O. K." Battery consume its strength by the existence 
of a constant current. Electric Bells, Burglar and Fira Alarms, Telegraph 
atjd Telephones, Annunciators, Door Openets, Railway Signals, Me- 
dical Apparatus, as also for Electric Gas Lighting and Illuminat- 
ing, and for any purpose where a strong, durable, and 

quickly recuperative battery is needed. 
%W Write for Illustrated Circulars and Terms. 



AMERICAN $8 TYPEWRITER 

For four years absolutely without a competitor, being 
the first and only "Standard Made" Typewriter sold 
at a price in keeping with its cost. 

Send at once for our " flidsummer Opportunity" 
and handsomely illustrated catalogue. 

AMERICAN TYPEWRITER CO., 267 Broadway, New York. 



Engineer* and Superintendents desire Steam and Water Tight Valves. 

HUXLEY'S LATEST IMPROVED VALVE AND DISC FACING DEVICE 

Insures them with little labor. Every machine guaranteed. Write for particulars. Agents wanted. 
D. H. SMALLEY & CO., AURORA, ILL., U. S. A. 



FOR SALE. A SMA B L u L s , s N P E E s c s I . ALTy 

Articles are of general use, fill a special field, cannot 
be imitated, and sell readily at a good prct-'t. For par- 
ticulars, address H.C. L., care of P. O. B„x 2752, New 
York. 




LAMPS 



THE NEW ROCHESTER 

FOR HOMES 
FOR STORES 
FOR OFFICES 

jOr any place where light is 
wanted indoors or out. 
& I rn tor tuts benutiful 30 
Jm.OU candle-power lamp. 
Other lam [is, 3,000 of them, at 
prices to suit your purse. Art 
catalogue free on application. 
Address Dept. SA. 

THE ROCHESTER LAMP CO., 

42 Park PI. 4 37 Barclay St.,N. Y. 




. . . IMPROVED . . . 

Fertilizer Mixing Machines 

. . . FOUR SIZES . . . 
Capacities from 20 to 150 Tons Per Day. 

C. H. DENIPWOLF & CO., York, Pa. 



THE NEW STEVENS SCRIBER. 



STEVENS Htm SCHIBER 
— HUNCH PRICE <SCEIITS,1 



Easy to hold. Nicely tempered. In beauty 
J and usefulness an ornament to every mechanics' 

1 kit. -^— SEND FOR BOOK. 



J. STEVENS TOOL CO., - P. 0. Box 280, CHICOPEE FALLS, MASS. 




7\TA]\J:OS and 

ELECTRIC MOTORS. 

Our 10 to 78 light Dynamos are pronounced a success by all who have 
them in use. High grade, compound wound, self -oiling, self -aligning 
bearings, high efficiency and great durability guaranteed. Lowest prices. 

Do your own lighting. No Experience required. Send for Catalogue nnd Price*. 
COMPLETE PLANTS FT II n l!?HEIt. 

ROTH BR0S.& CO., Mfrs.,30-34 Market St., Chicago.lll., U.S.A. 



KYANIZING PLANT. 

. . . FOB THE . . . 

PRESERVATION OF LUMBER. 

Capacity tit tanks, 150,000 lest. Splendid equipment. Good railroad facilities. 
Promptservjoe. Th orough and careful treatment. Send f or 8 pec lal cl rcular K, 
Address all correspondence to 

otis .A-Li-Eisr & sonsr, lowbll, mass. 






OUT DDIPEQ and nxUf - T cuts hy rf "' °" ly 

IfjU I r illlfCw' concern that ever voluntarily 
reduced prices or, in recent times, originated a new 1 
idea in this line, on account of which, and the good 1 
works of its goods, it has been awarded one-half 1 
the wdr Id^ windmill business. It prepays freight 1 
to 20 branch houses, one at your door* 1 
Send now for catalogue for up-lo-datel 
ideas. Our imitators may not have in| 
print out latest plans. 



'Chicago 



Hill HI' 



VALUABLE 
PRACTICAL 



BOOKS. 

JUST PUBLISHED. 

Shop Kinks. By Robert Grlmsbaw. 400 pages, 222 
illustrations. Price, $2.50. 

The Modern Machinist. By John T. Usher. 320 
pages, 227 illustrations. Price, $2.50. 

Steam Engine catechism. By Robert Grimsbaw. 
Tenth and enlarged edition. Price, $2.00. 

Engine Runner's Catechism. By Robert Grim- 
shaw. Second edition. Price, $2.00. 

A Complete Electrical Library. By Prof. T. 

O'Conor Sloane. Comprised by five books, as follows : 
Arithmetic op Electricity. Price, $1.00. 
Electricity Simplified. Price, $1.00. 
ElectricToy Making. Price, $1.00. 
How to Become a Successful Electrician. $1.00. 
Standard Electrical Dictionary. Price, $3.00. 
*♦" Any of the above books sent free on receipt of price. 



"NEARLY READY. 

Gas, Gasoline and Oil Engines. 

By Gardner D. Htscox, M. E. 
400 Pages. Fully Illustrated. Price, $2.50. 

This book treats comprehensively and almost exclu- 
sively of American makes of Gas, Gasoline and Oil En- 
Bines, and should be in the hands of all in any way 
interested in the subject. 

Send for descriptive circular of the above. Our cata- 
logues sent free on request. 

Publishers, 

NEW YORK. 




KEEP THE HEAD C00L Th f !$ n a fpK 

is entirely free from the heat and stuffiness common to the ordinary pillow. 
Comfortable as down or feathers. Cut represents Pillow with one end 
open to show construction. Price, Upholstered I in Fine Hail- Adults 
Size. a0x2S. 83.50. llonch 6tse, 20x2O,*3.OU Child's size, 
14x'22, S4.50. Sent, express prepaid, on receipt ot price. Address 
WESTON & WELLS MFG. CO., 1I08-1114 Noble St., Phila., Pa. 



Norman W. Henley & Co. 

128 TO 132 NASSAU STREET, 



Ne-vv - Books. 

METALLIC STRUCTURES. 

Corrosion and fouling:, and their prevention. A 

f>r&ctieal aid book to the safety of works in 
ron and steel and of ships • and to the selection 
of paints for them. By John Newman, C.E. 
374 pages, 39 illustrations, 8vo, cloth, $3.50. 

APPLEBY'S HANDBOOK OF MACHINERY. 

Section I. — Prime Movers. Including 
Appleby's Telegraphic Code. 99 pages, 150 illus- 
trations, 8vo, cloth, $1.50*. 

NOTES ON PERMANENT WAY MATERIAL. 

Platelaying, points and crossings, with chapter 
on signaling and interlocking. By W. H. Cole, 
M.I. C.E. Second edition, enlarged. 164 pages, 
31 plates, 12mo, cloth, $3.00*. 

RUHMKORFF INDUCTION COILS. 

Their construction, operation and application, 
with chapters on insulation, Tesla and Hertz 
effects and Roentgen radiography. 191 pages, 
67 illustrations, 12rao, 50 cents. 

Send address for our new catalogue. 

SPON & CHAMBERLAIN, Pubs., 12 Cortlandt St., N. Y. 



Ours is an UNABRIDGED reproduction of 
the original ninth Edinburgh edition which 
was completed in 1889, and in addition we 
have 2,000 pages of entirely new matter, writ- 
ten by eminent American Specialists, which 
brings the -work absolutely up-to-date.<^The 
complete set consists of 25 octavo volumes, 
handsomely and strongly bound in Black 
Silk Cloth, Half Morocco and Full Sheep^t 



Encyclopaedia 
Britannica 



It is printed from LARGE TYPE, on PAPER 
of an EXTRA QUALITY and the new 
maps and illustrations which have been added 
to the original, make this edition fa superior 
to any that has yet been produced in America 
or England^tOu price, is less than one-fourth 
the usual charge for the English edition^^ 
Special terms and extended payments^* ^ 
Sample pages on application J* THE WER- 
NER COMPANY, 160 Adams St, Chicago. 



TALKING MACHINES 



Manure Spreader 

15 Years on the Market. 

Improved for 1896. 

Spreads any kind of manure in any quantity to the 
acreand does it better than hand work, even if a man 
spends ten hours on what the machine will do in two 
minutes. Sent to any responsible party subject to 
approval who will furnish satisfactory references or 
rating of responsibility. %W~ Illustrated catalogue free m 
Largest nnd Oldest Manufacturers 

of Manure Spreaders in the World. 

KEMP & BURPEE MFC. COMPANY 
Box 102, Syracuse, n. Y, 





PHONOGRAPHS 
GRAPK0PH0NES 

Reproduce 

Songs, Bands, 
Orchestras 

and your own voice. 

Bend Cor circular. 
ONLY S40. Agents wanted. 

CHICAGO TALKING MACHINE CO., 
ISBMadison St., CHICAGO. 



SILVER LAKE 

SOLID BRAIDED 
WINDOW 



SASH CORD-BEST 
CHEAPEST 



Established 1S69. 



Manufactured 
by 



And the 
BEST is the 

SILVER LAKE COMPANY, 

BOSTON, MASS. 




TUT? A TJTOMATTC 1VEOSTYT.E enables the most 
careless office boy to produce 2,000 perfect copies from 
one original writing or typewriti ng. 30 copies a minute. 
The machine is simple in the extreme, yet absolutely 
automatic in operation. Automatic printing, pressure, 
discharge. distribution, Ink supplyj-lndicatorand revolv- 
ing ink slate. The operator has nor nlnptn do but feed the 
machine and operate a lever. References to leading 
concerns using it. Neostyle Co., 96-102 Church St.. N.Y. 
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l££i)uerii&ement&* 



ORDINARY RATES. 
Inside Pave* ench Insertion « * 75 eenc* n line 
Rack l'nire. ench insertion .... SI. 00 a line 

Df For some classes of Advertisements, Special and 
Higher rates are required. 

The above are dartres per acate line — about eight 
words per line. This notice shows ihe width of the line. 
and is set in agate type. TCncTavtnes may head adver- 
tisements at the same rate per atrare line, bv measure- 
ment, as the letter press. Advertisements must be 
received at Publication Office as earlv as Thursday 
moraine to appear in the muowiwz week's issue. 



..>OWER& FOOTI SHAPERS.PLANE.RS DRILLS. 
J ATUTC MACHINt SHOP OUTFITS TOOLS 

Iw >* I n C- O' 1 AND SUPPLIES. CATALOGUE FREL 

I SEBASTIAN LATHE CO. 120 CULVERT ST. CINCINNATI. 0. 



t A IMPROVED FIRM JOINTS 
X ffl. CALIPERS. ! 

♦ Ar \\ 13 sizes. 3 in. 40c., to 24 in., $3.00. a 
4» m U l °Bide and outside. Joint has smooth A 
X B H and uniform friction. Fine finish. J, 
TS /r iy Catalogue o/ Fine Tools free. J* 

♦ X^The L. S. STARRETT CO. | 

♦ Box 13, ATHOL, MASS., U. S. A. t> 



No. 3 Power Press 

A strong, blocky, and compact machine 
for such work as stencil cutting, clock 
work, gas fixtures, lamp burners, metal 
fan motors, stove pipe elbows, fruit and 
fish boxes, paint cans, etc. Will punch 
% in. hole In % in. Iron, or will cut blank 
full size of opening, 3-33 Inch thick. 

XW Send for Circular P. P. Address 

SPRINGFIELD MACHINE TOOL CO. 
Southern Ave.. Springfield, 0., U. S. A. 




Improved UJittc 6« and Gasoline £nginc$ 



Latest and Best. 1\£ to 
50 H. P. Tbe result of 
6 years' experience. Ke- 

3uires only 3 minutes to 
evelop full power. 
Simple, durable. Re- 
liable. Sent on trial to 
reliable firms and gua- 
ranteed for one year. 

tf Send for illustrat- 
ed circular * S. A." 



Witte Iron Works Co., 1207 Walnut St., Kansas City, Mo. 




THE CURTIS 

»mm & Orease SEPARATOR 

IT WILL separate water from steam, and 
so deflect the water that It cannot get back 
Into the current. 

IT WILL* separate grease and sediment 
from exhaust steam. The grease may be 
drawn off a t In tervals, and the sediment 
removed. tW Send for Circular S. E. 

D'ESTE & SEELEY CO. 
29-33 Haverhill Street, Boston. 



Mim Troughs 

Machinery and Machine Supplies 
for Machine Shops. 

Hill, Clarke & Co. 

160 Oliver St., BOSTON. 
16 8. Canal St.. Chicago. 





BICYCLE • • 
Repair Outfits 

for Amateur and Workman. 

|y Send for list 223. lHiwt rated 
Catalogue oftooJAfor stamp, 

FRED FRASSE CO. 

21 Warren Street, New York 



Large and Small 

mechanical tools, implements, and appli- 
ances of all kinds are frilly described in 

"A Book of Tools." 

A BOOK OF TOOLS Is the 
most complete catalogue ever 
Issued. 550 pages and over 
2,000 Illustrations. Prices are 
given, 

A copy of this book sent, 
postpaid, to any address on 
receipt of 25 cents In stamps. 

CHAS. A. STRELIBTGEE & CO. 
Adores, Box 12W, Adv. Sept. DETROIT, MICE. 




The Coburn Patent Trolley Track 

HOUSE DOOR 
HANGERS^ 

The first made with adjustable track. 

The track can be put up In 30 minutes. 

W Send for Book. 

The Coburn Trolley Track Mfg. Co., Holyoke, Mass. 





SPEAKING of pumps, our catalogue tells why 
the riASON STEAfl PUHP 

CAN'T HANG UP!^ 

This can be said of no other pump. 

THE MASON REGULATOR CO. 



7 OLIVER STREET, 
BOSTON, MASS. 




IMPROVED 

ADJUSTABLE , ; 

iicti UfDE-upu ^jHM ^F' Easily operated. 

o nncnun, ^i«BS^HP r Free and Accurate 

Strong, Durable. For Circular, address 

BEMIS & CA1.1. HARDWARE & TOOL CO. 

F, O. liox 1400, Springfield, Mass., U, S. A. 



GAS and GASOLINE 

ENGINES. 

H to 15 H. P. 
Suitable for pump- 
ing or any work re- 
quiring power. 
Prices, etc. t upon ap- 
plication. 

FIERCE ENGINE CO. 
17 M. 17 th St.. BaeincWia. 




The Chicago Gas & Gasoline Engine 

The simplest gas and gasoline 
engine on the market. Has no 
equal for absolute, steady speed 
and durability. It is a dwarf 
In size and a Samson in 
strength. Catalogue sent on 
application. 

MANUFACTURED BY 

J. J. NORMAN CO., 

48 "A" South Clinton St., 

CHICAGO, ILL. 





QUEEN'S NEW 

Automatic Lamp 

Its 8 1 1 Points of Superiority t 

1. It keeps In focus constantly. 

2. Regulates and runs silently. 

3. No attention required to help 
It regulate, i. Tbe full crater 
is projected. 6. The negative 
carbon Is non-luminous. 6. The 
adjustments are all outside. 

|3f" Srnd for circular to 
Queen & Co., Int, Philadelphia 




OLDS SAFETY 

VAPOR ENGINES 

FREE from cams, 
gears, rockarms and 
complications. 

Greatest simplici- 
ty, efficiency, and 
durability. Get cat- 
alogue by sending 2 
2-cent stamps. 

P. F. OLDS & SON, 





ESTIMATES lurnif bed forCOMPLETE CRUSHING PLANTS 

manufacture MINING MACHINERY description. 
Gates Iron Works, Dept. C. 650 Elston Av. Chicaao.lll 



Physical and School Apparatus 

THE THERMOPHONE 

A new Instrument for 

Measuring Temperatures 



Will take temperature of any- 
thing at any range or distance. 
t&* Circular free. 

E. S. RITCHIE & SONS, 



8R00KLINE, MASS. 



If you want the best CHUCKS, buy Westcott's 

Little Giant Double Grip 
Drill Chuclia, J.lttle Giant 
Drill Chucks 
Improved, 
Oneida Drill 
Chucks, Cut- 
l I n g - off 
Chucks, Scroll 
Com hlnatton 
Lathe Chucks, Geared 
Cntnbl nation Lathe Chucks, plain Universal Lathe 
Chucks, Independent Lathe Chucks. Made by 
Wi-.tcoti cinn-ii Co., imeidn, \. v., r. s. A. 
Ask for catalogue in Entfixh. Trench., Spanish or German,. 

FIHST PlilZI AT COLUMBIAN EXPOSITION, 1693. 





Reamer, bus an Adjustment of 1-8 Inch. 



* v: — i' ,: - '^- /: ' '^ - •■ ■■■ ■"■'..'■ ■;>;/■ 




STANDARD TOOL CO., CLEVELAND, 0.. U. S. A. 




For Bicycle Manufacturers 

QUINT'S 

Turret Drills 

Arranged for Tapping with from two 
to twelve spindles. 

A. I>. QUINT, 

4 Clinton St., Hartford, Conn., U.S.A. 



SCIENTIFIC AMERICAN SUPPLE- 
MENT. Any desired back number of the SciBNTinr 
AUBBirsX stpflemknt caD be bad at this office for 
10 oenta. Also to be had of newsdealers lr, all parti or 
tbe oountrv. 



!c! 



DROP FORCINGS 
WmGORDON 

WORCESTER.MASS. 



$12 MECHANICAL DRAWING SET 

GIVEN WITH OUR MECHANICAL DRAWING AND SKETCHING COURSE. 
(by Our Efficient correspondence System.) Price, $25. 

Best thing of the kind, in charge of a Draftsman of Reputation. We also have several other Special Summer 
Offers, on our courses in ELECTRICAL ENGINEERING, STEAM ENGINEERING AND MECHANICS. 

^ Catalogue Free. 

INSTITUTE FOR HOME STUDY OP ENGINEERING, • 46-47 Blackstone Building, Cleveland, O. 




NICKEL 

AND 

Electro-Plating 

Apparatus and Material. 

THE 

HanionAVanWInkle 

Co., 

Newark, N. J. 

136 Liberty St., N. r. 

35 & 37 8. Canal St., 

Chicago. 




HARVEY HUBBELL 

Machinery and Tool Mfr. 
Improved Tapping Machines 

CREWS 

Machine Screws for electrical purposes. 

Sample box free. 

BRIDGEPORT, GONN. 



WE SELL DIRECT TO 
PURCHASER. 
Buy of us and save 
agent's commission. 
10 horse motor or 100 
light dynamo. List 
price. (WO. Price to yon, 
1225. Long time, easy 
payments. Other at tea. 
Write us. State what 
you want. 

Hobart Electric Mfg. Co 
Troy, Ohio. 




IHawl 
EXAil 
swers, f 
send It 
and ott 
& CO. ' 



Hawkins' "Aids" to Engineers 

EXAMINATIONS, with Questions and An- 
swers, lH 1 TH. leather, gilt tMH, postpaid. 
send for FBBE .Descriptive Cataloghe of thla 
and other Engineers' Boots. THSO. AfJOEZ. 
3 Fifth Ave, cor. 13th St., New York. 



Electrical s&SaS! Model Work. 

.11. E. SANGER, 3rJ Conlandt ail.. New York. 




Portable X Ray Apparatus 

Our No. 2 Outfit for Pbysl. 
clans. Professors, Photograph- 
ers, and Students. Complete in 
handsome case, including coil, 
condenser, 2 setstuhes, battery, 
etc. Price, 116, net, delivered 
In U. S. Guaranteed highest 
class apparatus. 

F.J.PEARSON MFG. CO. 
Main & Locust Sis., 

St. Louis, Mo. 



SENSITIVE DRILL 

A tool adapted for light drilling. 
Constructed specially for the use 
of Bicycle Manufacturers. 

O. XT. OADT", 

West Center Street, Causa tot a, N. T. 



SYCAMORE CASE &V fcAiiM-K 




Also 4 inch Marrow and Center Gage. P. P. until 
Sept. 1st for W.0O. Sawyer Tool Co., AthoJ, Mass. 



Rubber Cushion Tread Horse Shoe. 



^ 



Positively pi^venta clipping, stumbling. 
Jar. concussion, calking, or Interfering. 
Adopted a »f] In use by leading Fire De- 
partments Livery anil Private Stables. 
Constat* of steel skeleton shoe* perfect 
In shape, nize, weight* and durability; 
urovLded wllli Rubber Cuablgn Tread 



adapted to take a firm hold upon tbe 
ground, rrloe per set, Complete. 12,00. 
lllus. circulars sent free. Agents Wanted 



F. W. HAHN, Mfr., 368 Grand St., N.Y, 




VANDUZEniTPUMP 

THC 1EST III THE wUll, 
Pumps Any Kind of Liquid. 

Always la Order, mvsr olof. nor 
" ox*i. %-nrj Pavp6a*rut«.d. 

-10 SIZES. 

100 to I200O Sa lions w Hour, 
Cott«V7toS75*««h. Address 

THE E. W. VANDUZEN CO., 

to 1ft? E. Btunu St,, CLncLuatl, 0, 



EDGE TOOIifl 

are often nearly ruined by nslng a grind- 
stone not adapted to the wort Our 
quarries produce a large variety of grit* 
suitable for grinding any tool. 

|y Mav iw senfl vmi our Catalopif. 
winch will give 1tftt* tome in/ormiriiffli! 
QKAFTdrt HTONK UOIHFANV, 
No. SO Wver Street. GRiirotJ, Ohio 




DO YOU GRIND ANYTHING? 



If so, send for our Circular of 



nnr k^ t « a °b R M P D V millstones 

■■T ■l^vIV riARK, I ^ J| I I . [^ W Made of the Hardest material known 

Cheap, Durable. Never Dressed. 8TURTEVANT MILL CO. Doston. 



Buy Telephones^*- 

That Are Good— Not "Cheap Things." 
The difference in cost Is little. We guar- 
antee our apparatus and guarantee our cus- 
tomers against loss by patent suits. Our guar- 
antee and instruments are both good. 
Western Telephone Construction Co. 

250 So. Clinton Street, Chicago 
Largest Jtfonu^acturers of 

Telephones In Wis United States 




TELEPHONES 



for Long or Short Distance Use. Also 
Interior or Warehouse Telephones. Sent 
on trial to responsible parties. Sold thou- 
sands during the last two years, every 
one a success. 
IF" Send for Circular and Testimonials. 

Julius Andrae & Sons Co. 

HILWAUKEE, WIS. 



DORMANS 
VULCANIZERS 

are used all over the world. 
Exclusive Manufacturers of Steam Ma- 
chines for Rubber Stamps. We also make 
Dry Heat Vulcanlzera. Complete outfits 
from $10 to $1,000. All Stamp and Stencil 
Tools and Supplies. Brass and Steel Dies 
for all purposes. Seals, Engraving and 
Die Sinking of all kinds. Established 1660. 
t3T~ Send for Catalogues. 
THE J. F. IV. DORHIAN 
121 E. Fayette St., Baltimore, Md., U.S.A. 




CO. 



Lidgerwood Hoisting 
Engines.-^*- 




300 Styles and Sizes. 

Over 12,000 in Use. 

C^ Send for Catalogue. 

LIDGERWOOD MFG. CO. 

96 Liberty Street. New York. 



WIRE 



Machinery lor making 
any articles from 



WIRE 



Automatic wire forming machine department Is in 

charge of it. C. Manville. 

Machinery for making sheet metal goods. 

THE WATERBURY riACHINE CO., 

P. O. Box 1035, 
WATERBURY, CONN., U. S. A. 



intflfi DEVELOPED. Absolute secrecy. Send 
lUtHO for particulars. Advice and suggestions free. 
Correspondence and sample orders solicited. Models, 
Patterns, Castings, etc. Oardam & Son, 96 John St., N. Y. 



ESTABLISHED 1850, 

THE DEFIANCE MACHINE WORKS 

?ttA c Y7DEFIANCE.,0HID.U5.A. 

MANUFACTURERS OF SPECIAL 
WOOD WORf.'Nti MACHINERY 
FOR HUB.iPOKE.WHEEL.eLN 1 : 

1N0, WAGON, CARRIAGE. SHAfT 
POt E.NECI",- YOKE SINGLr-TRrC 

HANHIE& BARf.H-HCOF FACTOR! Ci 
LARGEST t!NE IN THL WORLD 
fflSWJION GUARANTEED.. 




SsDd Belt Machine 



m 



From I to 40,000 Pounds Weight 

of Open Hearth, Chester or Bessemer Steel 

True to Pattern. Sound. Solid. 
SEARING OF ALL KINDS, CRANK 

SHAFTS, KNUCKLES FOR 
^ „ CARCOUPLER8. _ „ 
Cross-Heads, Rockers, Piston-Heads, 
etc., for Locomotives. SteelCastings of every description. 

CHESTER STEEL CASTINGS CO. 
Works, Chester, Pa. Office, 409 Library St., Phlla., Pa. 




Motors, Dynamos 

WE MANUFACTURE ALL SIZES, 

FOR ALL PURPOSES. 
LOWEST PRICES. 

Illustrated circulars and full 
Information sent free bjr malL 
CARD ELECTRIC MOTOR 

AND DYNAMO CO., 
667 Bourse Bldg., PHILA., PA. 



Luring Fifth Wheel 



Patent Improved 

FOR ALL VEHICLES. 

Used and Indorsed hy leading car- 
riage builders. Lower half 1b com- 
posed of wrought iron. Upper half 
of fine bronze, in wbicb a series of 
pockets are set, filled with a com- 
pound of graphite under high pres- 
sure. Absolute!- self-lubricating. 

Manufacturers of Graphite Bushings, Bearings, and 
Wasiiers Illustrated circulars sent free. GRAPHITE 
LUBUICAT1NG CO., Box S, Bound Brook, N.J. 



n 




The Hanson Hydraulic Ram 



I AIW moro effective with a given supply 
I UU/° and head of water, than any other 
ram made. tW~ Booklet free. 

F. B. HANSON, 176 Center St., New York. 



CTTFI STAMPS & DIES forEVERYPURPOSE 
OlKaMfS C.H.HANSON, 



tMP^-J-TOOi. s 



42&44CLARK ST. 

Chicago. 



ESTABLISHED 20 YEARS. SCHOOL OF OCCULTISM. 

Including Hypnotism, Mesmerism, and Personal Magnetism. 
Instruction private, in classes or by correspondence- 
Hundreds of men and women are studying these scien- 
ces under our direction, developing their latent powers, 
and accomplishing what would otherwise be im possible. 
The Dhysiclan's usefulness enhanced a hundredfold. 
The discouraged, ailing, and sick cured. Success lu busi- 
ness or soclaUile assured- This knowledge not only in- 
creases personal Influence but f ortifles one against de- 
signing and unprincipled persons. Interesting lllns- 
trated boot 10c Circulars free. Address tbe Principal. 
Prof. ANDERSON, 8. A. 796, Masonic Temple.CBIc AGO. 



TRIUMPH DYNAMOS AND MOTORS 

g Multipolar and Bipolar. 

^SMi4^k For use In mills, factories, ware- 

~FL aalP"a . houses, and small and large 
OSmttmmUfi lighting; planes. Points of merit : 
Wt ■■■> compact, simple, easily managed. 

^^^B ft H moving parts protected from 

JB/MMTJOT'pL Injury. Siies, ltoMh. p. as mo- 
SHr\^k* tors, and from 40 lights up u 
,.!b^5>!«!VBCB1 B generators. 
Ml ■■ t3T Send for tveciaX cir- 

^■■t3gBBBMB* r cuJor "8.1." 

TRIUMPH ELECTRIC CO., CINCINNATI, OHIO. U. S. A. 
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W^y Were Typewriters IijVeijted? 

To produce Typewritten work Faster, 
Easier, and Better than manuscript 
written with a pen , 




Architecture 

*ArahitectnT*L and 
Mechanical Drawing ; 
Electrieitj : Mechan- 
ics; Plumbing- Min- 
ing; C'lt'lI En ftnoeriag 
in all Bri&dbej; 
Steam Engineering 
(Loco., Stat'y and 
Marine) 

The International 
CerfetpoaiteanScaiMli 




To Carpenters, 

Machinists, Electrical 
Workers, Plumbers, 
Steam Fitters, Pattern 
Makers, Steam Engi- 
neers, Draughtsmen, 
Miners, Civil Engi- 
neers, etc. References 
JSoeryichere. Fr«e Cir- 
cular. State Subject 
you wish to Study. 
ft 013 Otrftnton, I'v. 



ecor 



d Of tb€ 



(to. Z Hammond ! 



SPEED— 206 words a minute. 

TOUCH-Light, elastic, with key depression 
one-half that of other machines. 

WORK— Equal to a handsomely printed page 
because alignment Is perfect, 
impression is uniform, and all char- 
acters graceful and clear cut. 



SCROLL SAWS ££J 

catalogue. WllklaMm Go,. SB 



Foot F&w*r H achln«ry. Tools, 
i f Drills, etc &eod la for 
ttandolpo. St* OJaafB 



The 



^jw^ 



Cycle Saddle 



THE HAMMOND TYPEWRITER CO., 401 East 62d Street New York. 




Typewriter 
Patent 

This company owns Letters 
Patent No. 558,428, issued April 
14, 1896, covering broadly all 
machines in which the cylinder 
turns up to expose the line of 
print, or in which a duplex or 
cross ribbon feed is used. The 
patent also covers many other 
features of modern typewriter 
construction. Infringers will be 
vigorously prosecuted. 

Wyckoff, Sfamans & Benedict. 
j 2 7 Broadway, New York. 



IllHi ORDEflS '■" 



VAKTco pan li*kt wit At. waiiH 



special racitmES «ft 



! PRICES 

MODELS 



« 



National" 

typewriter 

"SPKESr THE BEST! 

f Ask for Catalogue " K." < 
1 AT ION A L TJrPfWB ITER C0.2255Arch Street, Philada. 



?; 




WATER MOTORS 



GAS ENGINES & VENTILATING FANS 

The best Motor In the world for driving all binds of I 
light machinery, noiseless, neat, compact: invaluable 
for blowing church organs, running printing presses, \ 
coffee mills, ventilating fans, Ice cream freezers, meat , 
choppers, etc. In use the world over, and recommended 
by water companies everywhere. Address for circular. 
Back iia Water Motor Co., Newark, N.J,, U.fS.A, 



! for Ladies' use. Broad and comfortable, and euaran- 
I teed to hold its shape. Most sensible and serviceable 
■ Saddle in the market. Twenty years' experience in 
| working leather enables us to make good this claim. 
A LI, STYLE S K^T l.EWKN'S SA HOLES 
a so. Ask f orthe fe^SEM If your dealer will not sup- 
>ly you, we will aena t prepaid, oa receipt of price: 
j.adies', tAOOj Gentlemen's. f3.50. Furnished with 
clip for T or L seat post, 

THE DUGUID SADDLERY CO.. Syracuse, N. Y. 

Putnam Bicycles, $48 

Cyclometers, 7 5c. 

Toe Clips, 25c. 

Lamps, 80c. to $3.00. 

Other Sundries at Low 

Prices. 

A gen in wanted. 

E^" Send for catalogue. 

PALMER BROS. 

Minnus, Conn. 




Name "HUNTER". . . 

i never was put on anything that wasn't first-class. 
! That name has stood for simple, plain, unvar- 
nished Integrity, and hence it is put ou the . . . 

. . HUNTER CYCLES 

t&~ Send for Catalogue. 
HUNTER ARMS CO.. Fulton. N. Y. 



TWIST DRILL GRINDING GAUGE. 

, nmj) IT fTJSBJB l.^,- 



ri* . M N irunmi tSStX : 



Send 25c. forsample. Useful to all users of Drills** 
STANDARD TOOL CO.. Cleveland, O., U. S. A. 




W t^ . I (*1 9 7\. A When exposed 
% A Li, JLA V>^ JL 3k. 50U times quick 



A Revolution in Pho- 
tographic Printing. 

to the same light, prints 
ker than albumen. . • , 

PI flOOV n ■* M ATT No dul1 or rain y weather to Interfere with your work. : 
uLUOO I Ul ITIH lli No dark rooms nor complicated manipulation. 

Developed and toned as fast as the printvngfram.es can bejuled. A choiceof tones more \ 
beautiful than can he produced on any other paper. Permanent prints. The greatest paper 
for hot or damp climates. ftO rents in stamps brings two sarnplflduzencab'B, developer i 

■ji Platinoi " 

narket. K_ r _. .... _ .. 

Rembrandt, a Matt Printing-out Paper- 




Bicycles 



. _.. .. ... . . nplfl 

and three sample prints. N*'pert» Platinoid, Enameled and Hough Bromide Papers are 



the best and most uniform in the market. Nepera P O P, an insoluble gelatine paper 
y MMM - M nu AM ,ii. n | n« Rembrandt, a Matt Print! ng-out Fr" 

Nepera UnemlCai UG., Sole Manufacturers, NEl**lltA PARK. N 



SMALL MOTORS for All Purposes. 

The best manufactured. Specially-adapted fo 

all kinds of light work, sewing machine outfits 

toys, dental drills, fewalera' lathes, models, 

etc. Send for Catalogue. T h e 1 , K A Y I TT 

MOTOR CO., Manufacturers of Electric 

Motors and Electrical Specialties, 12'-i 

Mitchell St., PROVIDENCE, R. I. 





Durable — Easily Applied. 

This roofing is manufactured 
from natural Trinidad asphalt 
materials, and will not dry up 
and become brittle under ex- 
posure to the weather as coal- 
• roofings do. ty Sand for 
free sample of roof 12 years old, 
with circular and price list to 
WARREN CHEMICAL 

& MF(i. CO., 
85 Fulton Street, 

New York. U.S.A. 



TO BUSINESS MEN 

The value of tne Scientific American as an adver- 
tising medium cannot be overestimated. Its circulation 
Is many times greater tnan that of any similar journal 
now published. Jt goes into all the States and Territo- 
ries, and Is read In all the principal libraries and reading 
rooms of the world. A business man wants something 
more than to see his advertisement In a printed news- 
paper. He wants circulation. This he has when he ad- 
vertises In the Scientific American. And do not let 
the advertising agent Influence you to substitute some 
other paper for the Scientific American when se- 
lecting a list of publications in which you decide It Is for 
your Interest to advertise. This Is frequently done for 
tbe reason that the agent gets a larger commission from 
the papers having a small circulation than Is allowed on 
tbe Scientific American. 

For rates address 

MINN dt CO., Publishers, 

361 Broadway, New York. 



~ ■ '-THE WATE R J ACK ET^ji 

1 m^ 1^ AIR PUMP. 
IN.VACUUM. 

1 CHICAGO r/ATlfl JACKET rantlNSEP C 

66 W. DIVISION ST. 

* "■■ ■ E!»t F> If-: .--. CHICAGO, ILL 



Slitp&ed anywhere 
\Q. Q. p., a>t lowest 
Wholesale price*. 

] J* MM) Kfetft w kk| ' fo r| S 7 . 60 
/«M UTllnftOD 1 " flMtt 

te& " " «i7.io 

fin Bicycle « Si0.7ft 
Latest models, fully guaranteed; pneumatic tires; weight 1?H to 

SO lbs.; all styles aud prices. Large illustrated fn^iiKin fre& 

CashBuyers'Union,162W.vanBurenSUB 131 Chicago 

iiiii|i<iiiiililiiiliiiiiiililtlililililililililililililililililililililllilililililillliillilililiiiiniiiiiiiL 

("KRIM" Cyclistsl 
|Storm Suit. ^\N\ " 

j Cape and Leggings. - 

I Weight 24 oz. Takes up 
t little room when not in use. 
f Put on in a minute. Hand 
S loops keep Cape over handle 
-bar. Ask ^our dealer, or 
k we will mail them post- 
= paid on receipt of price, 



ForyearsPatton'sPaint I 

neither fades nor peels 

F under the action of sun and 1 

rain. Whether you're going 

to renew a cellar door or 

paint a mansion, use 

[PattonteaPaint] 

i The most durable and economical paint madft-i 
$1.50 per gallon. Freight paid to any R. R. sta- 
tion east of Denver. A booklet "How to In- 
crease tbe size of your Home (with paint)" 
free Tor the asking, or 18 actual combina- 
tions of proper house coloring for four 2c. 
stamps or free from our agents. , 
JAS. E. PATTON CO., A./* 
Milwaukee, Wis., U. S. A. I%1 




?Su USE GRINDSTONES? 

If so, we can supply you. All sizes 
minim e<l and hiuimhinmmI. always 
kept in stock. Remember, we make a 
spectaltyof selecting stones f orall spe- 
cial purposes. %W~ Ask for catalogue . 

The CI.KVEI.ANI) STONE CO, 

^ 2d Floor. WilBhire. Cleveland, 0. 




| $3.50. v 

■ Sold separately : \ 

: Cape, - - - $2.00 
i Pair Leggings, 2.00 
j Send for circular " K." 
Agents Wanted. 

\ CLEVE & KRIM, 

1 49 Summer St. .Boston 

I Makers ol Fine Mackintoshes. 




Patent applied for. = 




Howard Caaialess Bicycle. 

Tfaoflratmanln my town wno bnyiotis will be) 
aUuwcd tu sijjsrtt'fl discount And oftored B.D spfln- 
Cy.wliflKibj he gets coTnmlHLons that will pay far 
OB WhwLOT ftt'lf'apt i-(Hlnto ttift Ztx\. Adaronoj 
IIOWAUU, in Summer A v„ Newark, iiJt 



DIXdN'S RQI saves wear of chain, pre- 
JEXAX, Jr* ••■>■ vents ru8 t and increases 
CYCLE CHAIN ea^epeed and comfort 

gdaduite ^^ Jt wi " pa y y° u to 

QlinrrlllC send 10 cents for sample. 
JOS. DIXON CRUCIBLE CO., JERSEY CITY, N. J. 




"MUNSON" TYPEWRITER No. 1 

Does perfect work. Costs least for repairs. 
Simplest in construction and most durable. 

The ONLY machine with interchangeable STEEL ' 
typewheel, insuring permanent alignment and long 
wear of the type. It is not necessary with the "Munson" 
to purchase several, machines to write numerous styles 
of letters or languages. 

ONE "Munson" accomplishes the result. The type- 
wheels are easily removed, and can be replaced by others 
of different languages or styles of type. The key tops 
are also easily removed or changed, making it a simple 
matter to change from one language to another. 

A portable machine, weighing with case, 18 lbs. Highest Medal 
Awarded The "Munson" No. 1, World's Columbian Exposition. 
THE MUNSON TYPEWRITER MFG. CO., 

238-244 W. Lake Street, Chicago, 111., V. S. A. 



copy. The 
Chicago. 



PRENTISS CCbc N Ki AR 

AND ALL KINDS OF 

SYNCHRONIZED CLOCKS 

RELIABLE AND PERFECT. 
%W Send for Illustrated Catalogue No. 2798 

PRENTISS IMPROVED CLOCK CO. 
49 Dey St., New York City. 



J [instructive Selections from the Office 
IMoiTb Record— tbe only magazine devoted 
entirely to Office Improvements! NumLtef 
.l(jc +1 fieri es.26e. Send At&tnp* fur sample 
Office Men's Record Co.. 146 La Salte St.. 



4iilAi:»J| 



R EVERsiBLEL 

COLLARS AND CUFFS. 



MADE OF FINE CLOTH IN ALL POPULAR STYLES. 

tqua/in Fit and Wear to finest linen 

Not to be laundered ; when soiled reverse, then digcard. 

I LUXURIOUS and ECONOMICAL. 

ISold at all leading Genta' Furnishing Stores, but ifnotfound 
■ send twenty- five cent* for a dox often Collar* 
lor fire pairs of Cuffs, naming the size and stvle. 
I Q&- Sample Col lor and pair of Oufft tent /or 6 CENTS. 
I RKTBRSiBLl Collar Co. Boston, 7 7 Franklin St.,New York 
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BOOKS ON ELECTRICITY AND MAGNETISM 

JUST BEADY. 
A CatalocriB of Books on Electricity, Magnetism, 
Electrical rCiitflncertng, Electric Lighting. Electric Rail- 
ways, Telephone. Electro-Deposition of Metals, Elec- 
trotyping, Eleetro-Metsllurey. and Cognate Subjects. 
32 pages. Sent free to any one In any part of the world 
who will furnish his address. 

HENRY CARET BAIRD A CO. 

Industrial PnBi.i8HKns,BooKSELr.KRS A Importers 
810 Walnut Si., Philadelphia, Pa., U. S. A. 



Practical Books for Practical Men. 

Catalogueof the leading and most important works 
on Steam* Steiun K11 nines, Mechanics, Machin- 
ery, Mechanical and Electrical Engineering, 

•ent free to »ny adrirpss 

PHILADELPHIA BOOK CO., 

Practical and Scientific Books, 
19 South Ninth St. Philadelphia, Pa. 

THE BLISS 

School of electricity 



Bliss Building, WASHINGTON, D. C. 

The only Institution teaching practical Electrical En- 
neering exclusively. Laboratory equipment ezcel- 
ti:„ Instruction the bear.. Catalog on application. 



ONLY PRACTICAL MAGAZINE CAMERA. 

SUNART'S 

I " VENI, VIDI, VICI," 




SUNART MAGAZINE, 

SUNART FOLDINGS. 

Send for Illustrated Cata- 
logue— 2 cent stamp. 

SUNART PHOTO CO.. ROCHESTER, N. Y. 



The . . . 

Premo Camera 




ROCHESTER OPTICAL CO., Rochester, N. Y. 



T\D AIIGUTIUC or SURVEYING taught 
llnHUUnillin by mnil. Earn ISO to 1100 a 
\J month. Positions secured. 2c. stamp for cata- 
logue. Black Cor. School, Pnterson, N. J. 



UntlEITV CICUC Agents wanted to sell ready 
NUVtLI I OlbNO made NOVELTY SIGNS. 

CO pr ceDt. profit. Great BellerB. Catalogue free. Sam- 
ples toe Val. Schreier, Mfg., Milwaukee, Wis. 



RHOADS LIATHER BELT PRESERVER 

■ E5 LlFEFLEXIBIUTr u\L ADHES IV £ NESS Atl UNGUENT vilTMCuT 
TUN OR CtlCMlC&tS 10 Lfi CAN ftfffkjljtft PR EC E, S 2 03AN0AcO£s 
■\ll PUNCH PRICE SO ZUiT'- tftjT FOR S20.5 If YOU MENTION SUENT'.Ff 
■-'FRIfrSN J E KHOADS & SUNS HAfc£R5 oFTHf RmOADS BELT 



E xperimental S cience 

BY 

QEO. M. HOPKINS. 

Seventeenth Edition. 

REVISED AND ENLARGED. 




840 pae;es. 782 fine cuts, substantially and 
■beautifully bound. Price in cloth, by mail, 
.$4. Half morocco, $5. 

This splendid work is up to the times. 
It gives young and old something worthy of 
thought. It has influenced thousands of 
men in the choice of a career. It will give 
anyone, young or old. information that will 
enable him to comprehend the great im- 
provements of the day. It furnishes sug- 
gestions for hours of instructive recreation. 

Send for illustrated circular and 
complete table of contents. . . . 

MUNN & CO., Publishers, 

Office of the . . . 

SCIENTIFIC AMERICAN, 

BROADWAY. - NEW YORK. 



IT DOES IT ITSELF 



On not and laiy days you needn't nand out od yo nr lawn wfih a hose in tout hand to water the 
grsfid and flowers. It j ou have a 1 1 n 1 1_ N ozzt e La w n JS p r I p U J e r t Just turn on the water and 



go alt In the abode and watch how science blend a the beautiful and uaefnl for your benefit. 




The BALK NUZZLE as 
Tree Irrigator. I. awn Sprinkler. Fountain. 

IT'S SIMPLE, THE BALL DOES IT ALL. 

No back pressure. Nothing to break. Always In order. Cheap and effective. Made only by 

AMERICAN BALL NOZZLE COMPANY, 831 BROADWAY, NEW YORK CITY. 



A Dream of Comfort 

Is that best and most stylish of all 
RECLINING CHAIRS, the 

RIP VAN WINKLE CHAIR. 

A rare combination o f elegance 
and durability, possessing 
six points of excellence un- 
known in other declining 
chairs. Itt-us. Catalogue free. 

P.C.LEWIS MFG. CO. 
Box 12, Catskill, N. Y. 




BATTERY FAN OUTFIT 

ffft Most practicable complete outfit of 1 No. 6 

*. Ufe motor with 10 Inch fan, 2 cells No. 6 motor 
C^pHL battery, which will run motor 160 hours on 
Jlfc&i one cbargeof solution. Complete $18. We 
JR »w mabe the dollar Franklin Motor, also small 

^/ 3L motorB and apparatus for every purpose. 
^BUSBU P*"" Send Stamp for Circulars. 

Franklin Elect. & Mfg. Co., Miamisburg, O. 




They have a tone that's 
tlif ir own 



TUE UCU/ are the stand- 
in C Htlfard of excel- 

DEPARTURE wTrVc. 

RE I I O over. Made In 16 
DCLLo different styles 
and prices. Send postal for 
booklet to TH K NE \V l>E- 
1'AUTURE BELL CO., 
21 O North Main street, 
Bristol, Conn., U. s$. A. 



ATTENTION! INVESTORS 

FOR wat.tb; 

Foreig-n Patents— Canada, Mexico, England, Ger- 
many, Austria, Belgium, France, Italy, one of the 
most novel and useful inventions of the ape. For 
further particulars address, RYERSON D. GATES, 
108 La Salle St., Chicago. III... U.S.A. 
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ATENTS! 



Messrs. MUNN & CO.. in connection 
with tbe publication of the Scientific 
American. continueto examine Improve- 
ments, and to act as Solicitors of Patents 
for Inventors. 

In this line of business they have bad nearly Fifty 
won 1 experience, and now have unequaled facilities for 
thej Preparation of Patent Drawings. Specifications, and 
the prosecution of Applications for Patents in the 
United States, Canada, and Foreign Countries. Messrs. 
Munn & Co. also attend to the pre parat.loD of Caveats, 
Copyrights for Books, Labels, Reissues, Assignments, 
and Reports on Infringements of Patents. All business 
intrusted to them Is done with special care and prompt- 
ness, on very reasonable terroB. 

A pamphlet sent free of charpe on application, con- 
taining full information about Patents and how to pro- 
cure them ; directions concerning LabelB, Copyrigbts, 
Designs, Patents, Appeals, Reissues, Infringements, 
Assignments. Rejected Cases. Hints on the sale of 
Patents, etc. 

We also send, free o.f charge a Synopsis of Foreign 
Patent Laws, showing tbe cost andmetbod of securing 
Patents In all the principal countries of the world. 

MUNN & CO., Solicitors or Patents, 

361 Broadway, New York. 
Branch Offices. - No. 622 and 624 F Street, Pacific 
Building, near 7th Street. Washington, D. C. 
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^DEAFNESS 

and HEAD NOISES relieved by using 

Wilson's Common Sense Ear Drums. 

New scientific Invention, entirely different 
In construction from all other devices. Assist the deaf 
when all other devices fail, and where medical skill has 
given no relief. Safe, comfortable, ana invisible : no 
wire or string attachment Write for pamphlet. 
WILSON IAK DIE I [11 M \NlHi. CO , 
Louisville Trust Co. Building Louisville. Ky., 
|y UtuUon rms. jmvtr. and 1122 Broadway. New York 
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^TELEPHONES' 

ECTRICAL SUPPLIES 
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BRASS BAND 

Instruments, Drums, Uniforms, Equip* 
ments for Bands and Drum Corps. Low- 
est prices ever quoted. Fine Catalog, 400 
Illustrations,m(7/7eaf/r(?tf ," it gives Bind 
Music & Instructions for Amateur Bands. 

LION & BEALT. 33-35 Adams St.. Ch.cago. 



AKB0RUNDUM 



JFW AND 
Flour; 
in e. FORM. 
A. US-A. 




ABRASIVE KNOWN. _ El 
IPowder. Suas — 



Diamond powder. .' 

POWDERrCRYSTALrWl 

GAXBomMtiiCa. Mat 



SUBSTITUTE, 



WWflXMHELA ctrr. > 



'HTJOl 



riw XjT.ttx_i:h]." 



Volts, 
1.33 



^wvfarad ft \ k 



Amp.., 
3.00 



The smallest and strongest battery on earth. Size, 
3 in. x 5-8 in. Occupies little space. Fitted to any elec- 
trical apparatus. Appreciated at first trial. Mailed 
to tiny address for $1.00. Electric, medical and blasting 
apparatus. Model work. All kinds of electrical repairs 
to small machinery. 

A. J. FARNSYVORTH, 39 Thame. St., N. Y. 



Light and fine machinery to order: models and elec- 
trical work specialty. B. O. CBASK. NEWARK, N. J. 



$73 



A MONTH AND EXPENSES \ exper- 
ience unnecessary; position permanent ; self 
seller. Pease Alfg. Co., Cincinnati, Ohio 
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TYPE WHEELS. MODELS fc. EXPERIMENTAL. WORK 



X? 



NOVELTIES . ETC. NEW YORK STENCIL WORKS IflO NASSAU ST N.T. 




l».»rl,r nrT.nll.rr • •!*. CHEAP, STRONG, 

I WATERPROOF. 

Not affected by gases. 

No Rust nor Rattle. 

Outlasts Ti/n or Iron. 

A durable substitute 
for blaster on w&lle. Waterproof srieatbtniro/ shiiju ma- 
terial, bept and cheapest In the market. I*~ Write for 
Aam[>leB,eto. 
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THB FAT HAMLI.A ROOFING O0„ 

61T-519 Point street, CamdBD. N. J. 



"STANDARD' 




EMERY WHEEL DRESSER. 

Beet tnnl mnde for turning and sharpening solid or covered 
, Bmerv wheels. It will true hardest wheels or grindstones. 
IThe cutter always present* the sum* cutting surface until 
•it is wed up to the hub. The pin Is grooved and can be 
roiled from both ends. Handle is strong and durable 

Our cutter will fit any handle. Price. $2.00. 

STANDARD TOOL CO- CLEVELAND, 0.. D. 8. A. 
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To Architects arjd fjolise QWijers 

The use of Wheeler Patent Wood Filler on all natural interior woodwork 
insures a permanent fine finish, and leaves the wood pores perfectly transparent so that 
the full life of the wood is developed. No other wood filler is so good as the Wheeler, 
or is made of the same material. 

In painting the exterior or interior of a house, Breinig's Lithogen Silicate 
Paint should be used. It stands where lead and oil fail, and outwears any other paint. 

Architects and owners in their own interests, should see their specifications carried out in full, and examine bills 

for the articles specified before accepting work as satisfactory. 
References— Most of the leading architects throughout the U. S. Sole manufacturers of the above articles. 

THE BRIDGEPORT WOOD FINISHING CO., New Hilford, Conn. 

New York, 240 Pearl Street. Chicago, 215 E. Lake Street. Boston, 85 Oliver Street. 
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Unparalleled Results: 

Unequivocal Satisfaction s 

Unequaled Testimony 

to and from THOUSANDS OP USERS of the 

Charter* Gas * and * Gasoline ^ engines 

In Stationary, Portable and Traction Form. 






3 USED 



ANY PLACE, 
BY ANY ONE.- 



(5 



FOR ANY PURPOSE. 

CHARTER CAS ENCINE CO., 

Station A, STERLING, ILL. 
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THE W. P. DAVIS MACHINE CO. 




BUILDERS OF FINE 

ENGINE LATHES, From 12 to SO inch swing. 

IIDDIGtlT nDII I C FromlOinch Sensitive to 38 
Urlflbn I UlflLLO, inch, with B. O. and P. F. 

Also KEYSEATING AND CUTTING-OFF MACHINES. 
ROCHESTER. N. V.. U. S. A. 

Send for Circulars and Phototjraphs. 



BRISTOL'S 




Recording Instruments. 

Pressure Gauges, Vacuum Gauges. Volt- 
meters, Amperemeters, Wattmeters, and 
Thermometers, make continuous records 
Day and Night. Will pay for themselves. 
Every instrument ful ly g uaranteed and 
sent on 30 days' trial. IT Send for Circu- 
lars and Specimen Chart, 
The Bristol Company, Waterbury, Conn. 
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The Quality of Experience" ! 
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Cycle 
Prices 
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* * 

* Pay $100 — you have a Columbia — the * 
| result of 19 years' experience* 5 



* Pay less — you have experiment, at your * 
expense — the result of competing | 

doubtfulness* $ 

* 

* More Columbias each successive year. J 



* 
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Catalogue of Truth, free at Columbia agencies 
— by mail for two 2-cent stamps. 



* 
* 
* 
* 
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* Pope Mfg. Co., Hartford, Conn. | 




Computing Figures 



mentallyis probably the 
hardest kind of toil known. 
The Comptometer makes it 
easy, is twice as quick, in- 
sures accuracy and relieves 
all mental and nervous strain. 
Why don't you get one f 
Write for Pamphltt, 

FKLT t\ TARRANT MFO CO. 
6t-Bfl Illinois St.. Chicago. 



"ECLIPSE" 




DRILL, TOOL AND 
GRAVER SHARPENER. 

The only practical device for the 
purpose at a moderate cost. Gives 
fla; surface and flue edge. Quickly 
adjustable to any angle by means 
of the two degree or Index circles 
with their clamping thumb 
uuts. Sent postpaid on re- 
ceipt of $1.75. Circulars sent 
on request. L.C. REI9NER, 
As signe e o f Ezra F. Bowman 
& Co.. Lancaster. Pa. 



HALF A CENTURY OF CYCLES.— AN 

interesting history of the cycle from Its origin up to the 
present time. The first crank-driven bicycle. The 
" bone-shaber " and its successors. The tricycle. The 
modern wheel. Cycle building a science. Points of im- 
provement. The pneumatic tire. A hand and foot cycle, 
with 9 illustrations. Contained in Scientific Ameri- 
can Supplement, No. iMig. Price 10 cents. To be 
had at this office and from all newsdealers. 
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HE UERY 
BEST 
FOR TOOLS, SftWS ETC. 

SONS U° 91 JOHN ST. NEW YORK 



"Write for our handsome BEARDSLEY 
style Poster. Sent free on application." 







ITS WW™ ^FINETOOjSiMErarsHop 
T* C.H.BESLY&CO: 

"- CHICAGO, ILI.U.S.A. 



PREISTMAN SAFETY OIL ENGINE 



"A thoroughly successful commercial En- 
gine using a Safe Oil."— Franklin Institute 

No Extra Insurance, No 
Steam, No Gas, No Gasoline. 
Reliable, Safe, Economical, 
and Convenient. Cbosen by 
Nine Governments. Used for 
nearly every purpose. 
PREISTMAN & CO.Incorp'd, 
530 Bourse Hide., l'HII.AUE 
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,1'HIA, PA. 



The $5-^ 
POCKET KODAK 




EASTMAN KODAK CO., 

Sample photo and booklet 
for twos-cent stamps. 



ROCHESTER, N. Y. 



At J Prices 



Bictoim, WiitcbM God*, Boggles Harnett, 

wing Machine* Organs Pianos Safe*, Tools 

Scales of all varieties and 1000 other articles 

Lists (tee Chicago Scalx Co., Chicago III. 
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COAL BILL BIG AGAIN? o^XM^!^ 

Up. ■ rvv cTri ma td Am All steam users can save 
NDY STEAM TRAP! from One to Five Dollars 
e^Ltotr V&lUHbleTrap. _8ena for book ,r A. N." for further information. 

Centre St., N. Y. City. 



per day! 
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by the use oftTiITVali 

CRIFFING 



_ Jrap. 
CO., 66-68 



York, S. M. 



sill fl IIQ AMI! mCAQ ADC AUCDIPAIII We send out no "drummers," we sell only for cash, and de- 
DUUUO HI1U IUCHO HIIC nlflCniUHfl I pend upon direct mail trade with consumers. Began this 
plan in '77. Here is the pattern we call " Our Masterpiece." If Ink and paper could show polished steel nnd 
shining pearl as they are. every reader would be unhappy until he owned the knife shown In this cut. It Is the 
best knife that can be made. Blades are highest grade of razor steel, file tested, warranted, strong enough for 
anything, fine enough for a quill pen, weighs 2 ounces. 3 blades. Price, with ebony handle, $1.25; Ivory, $1.50; 

choicest pearl, $2; postpaid. 
Less 259 in dozen lots. We 
have 400 patterns. Send for 
free 80-pnge Ills. List, and 
" How to Use a Razor/' Our 
hollow ground, warranted 
Razor,96c.; Strop, 50c.; lather 
brush, 25c.; all three, post- 
paid, $1.50. Write us. 

MAHER & ROSH CO. 
40 A Street, Toledo, O. 




The 

American 

Bell Telephone 

Company, 

125 Milk Street, 
Boston, Mass. 



This Company owns Letters- 
Patent No. 463,569, granted 
to Emile Berliner Novem- 
ber 17, 1891, for a combined 
Telegraph and Telephone, 
covering all forms of 
Microphone Transmitters 
or contact Telephones. 




PRINTING 

The Scientific American 1b printed with CHA8. 
ENEU JOHNSON & CO.'S INK, Tenth and Lombard 
Sts., Philadelphia, and 47 Rose St., opp. Duane, New York 
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HOLYOKE, MASS., 
U. S. A. 



. . . flanufacturers ol . 
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Writing 
papeS* 
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HILLS OF THE MASSASOIT PAPER COMPANY, HOLYOKE. 



And & All j* Grades J*olj* Flat J* and J* Ruled, J* Tub-Sized, & Loft-Dried. 
Great care taken to have Goods Uniform in Quality, and to have all orders filled promptly. 



W. S. HILL ELECTRIC CO., 

New Bedford, Mass. 




C. S. MENDELL, MANAGER. 

Manufacturers of strictly high grade 

SWITCHES AND SWITCHBOARDS 
FOR ELECTRIC LIGHT, 
POWER AND STREET RAILWAY WORK. 

SPECIAL ATTENTION PAID TO DESIGNING 
SWITCHBOARDS. 

ESTIMATES FURNISHED ON APPLICATION. 

SEND FOR CATALOGUE. 
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DIETZ 

driving Lamp 

IT Is the only perfect one. 
1 IT WILL, NOT IILOW 
NOR JAR OUT. 

I IT gives a clear, white light. 

I IT Is like an entflne bej±d light. 

IT throws the llghi 9 train kb 

ahead from 3.0 to 300 ft. 

1 burns kerosene. 
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Mention the Scientific Amemimn and the num- 
ber of tills offer tNo- 7> and if rite lo ua, and we wm 4 
send book describing our lamp and agree to sell you 
one la-tip or a pair at lowest wholesale price (very ; 
much less than retail price). 

We want agents everywhere. We give agents a t 
Sample Lamp Free under certain conditions. 

If 70a want agency, mention Scientific Amer- ] 
ICAN and ask for full particulars. 



R. E. DIETZ COHPANY, 
77 Laight Street, 

/%•%•%/%. ESTABLISHED 1840 



New York, *, 



DON'T DELAY .* KEEP POSTED 



IT PAYS 



Established 1870. 



JOHN BOLAND, President. 



Incorporated 1890. 



-THE- 



Ittoomy $f B^^nd Detective .flawy 
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NEW YORK : 

130 Broadway. 

R. J. Ferns, Gen'l Manager. 



CHICAGO: MINNEAPOLIS: 

Security Building. Cuarantee Loan Bldg. 

W. J. Sutherland, Gen'l Manager. E. Fortwanqler, Supt 

■3PP f^w ^&* 



Do you believe that your patents are being infringed upon, 
or your trademarks counterfeited, or imitated? If so, we can 
protect your interests. 



Have you reason to believe that any of your competitors 
are seeking to learn your business secrets, or that any of your 
employes are disloyal ? If so, we can aid you to ascertain the 
truth. 

The highest ethics of the legal profession governing the 
relations between their clients and themselves has been our 
standard for more than a quarter of a century. 



Our clientele embraces many of the largest corporations in 
the country, including Railroads, Manufacturing Companies, 
Banks, Trust and Insurance Companies, Members of the Bar, 
Merchants, and others ; also the United States and Foreign 
Governments 

f£pi i&* t2^ 

INVESTIGATIONS UNDERTAKEN IN ANY PART OF THE WORLD. 



CORRESPONDENCE SOLICITED. 



MORSE TWIST DRILL & MACHINE GO. 




Twist Drills and Reamers, 




Screw Cutting Tools, Beach Chucks, 



Milling Cutters and Special Tools. 

FACTORY : 

New Bedford, 
Mass. 





IHLPULSOMETER S 1 

"The Contractor's Friend." 

OFTEN IMITATED-NEVER EQUALED. OVER 20,000 IN USE. 
RECENT IMPORTANT IMPROVEMENTS. 

The Handiest, Simplest, and Most Efficient Steam Pump for General Mining Quarrying, 
Railroad, Irrigating, Drainage, l OBl-wsislilDg, Tank-filling, Paper Mill, Sewer and Bridge Con- 
tractors' Purposes, etc.. etc. Muddy or gritty liquids handled without injury to the Pump. 

PULSOMETER STEAM PUMP Co. 

Catalogue on Application Correspondence Solicited. 

135 Greenwich Street, New York. 




No Dirt. 



No Smoke 



No Noise. 



No License. 



Absolutely Safe. 



PENNSYLVANIA IRON WORKS COMPANY. 




BUILDERS OF THE 



L&uncti wltn 9-1. H. P "Glebe" EtinliiK, iirupuui ui 
E t: Mllna, Island Heights, N.J. 



fc "GLOBE" GAS 



GASOLINE ENGINES 

for Stationary and 

Marine Service. 



tW Catalojwa and Prtc a on application. 



Address, 50th Street and Lancaster Avenue, PHILADELPHIA, U. S. A 
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(jut of the Sea of Tires 



the name of one stands forth con- 
spicuous. It is the original standard 
make of single -tubes,the tires whose 
sp eed and durability h ave won the 
whole world to single-t ubes. U* Jt 

You can have Hartf ords on 
any high-grade bicycle if 
you insist. 
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© 1 896 SCIENTIFIC AMERICAN, INC. 
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Don't You 
Run Your Files 
by Steam Power? 




Standard 
Typewriter 



Began in 1874 the history of practical I 
writing-machines with its No. 1 Model, at 
first considered more aa a marvel of novel- 
ty and ingenuity than aa a useful device. 

Thorough integrity of construction, un- 
tiring energy in improvement, and nn weari- 
ed enterprise in developing its varied; 
fields of usefulness have made Remington j 
history a record of continuous success. 



"finite Emery Wheel is a rotary file which runs a mile a minute and whose cutting points 
\v dull. What the circular saw is to the hand saw, the Tanite Emery Wheel is to the Hie. He 
>shis workshop with suitably mounted Emery Grinding Machines yokes steam engines to his 

ad of men. 



anite Emery Wheel was invented in 1866, and its widespread advertising created a furor for 

J Emery Wheel. But what was true of i he Tanite Wheel was not true of all makes ; and what I 

imed for the Tanite Wheel could only he attained when that wheel was properly selected, [ 

iy mounted and properly used. Thus mounted and used, a Tanite Wheel 14 x 1% has ground off! 

i3oz. of cast iron in 30 minutes, while an expert, filer in the same time only removed 6j} oz.; and J 

aite wheel 10 x 1 has ground off 5 lb*, of cast iron in ltt minutes. On saw steel the Tanite Emery i 

<:el has removed in a given period ISt times as much metal as the file. 

The productive capacity of the Tanite Wheel as compared with other wheels and other tools is not* 

theory, but a demonstrated fact. Light weight machines, poor wheels and the substitution of weti 

jrindin^fordry have injured the repute of the solid wheel. Those who wish to secure that economy! 

which first made the Tanite Emery Wheel a favorite should buy it now, in 1896, and buy with it that! 

long time experience which attaches to it. f 

^% ^% ^* t2^ v^ v^ v^ fc?* w* w* 

THE TANITE CO. 



STROUDSBURQ, Monroe Co., Pa., U. S. A. 



The No. 6 Model 

Remington . . . 

abundantly maintains and increases the 
high reputation of former models. It is 
the most pronounced success of a phenome- 
nally successful career. It contains 

Many Notable Improvements 

which materially increase the -usefulness, 
convenience, economy and durability of 
the machine. 




THE STANDARD WRITING-HACHINE OF THE WORLD. 



NEW YORK— 161 Washington Street. CINCINNATI— 139 East Pearl Street. « 



LONDON— Thomas Hamilton, 90 Cannon St., E. C. 



SEND TOR ILLUSTRATED CATALOGUE AND BOOKLETS. 



THE TANITE CO.'S OOO0S MAY BE BOUQHT OF ANY EXPORTER IN THE UNITED STATES 
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Armstrong's Pipe Threading 

and Cutting-Off Machines. 



HAND OR POWER. SIZES I TO 6 INCHES 



MANUFACTURED 
ONLY BT 



Wyckoff, Seamans & Benedict, 

337 BROADWAY, NEW YORK. 
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New No. 1}4 Machine. 




No. 1 Machine. 



These Machines will also thread and cut Brass Pipe, j 



i 

i 
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No. 2 Stock. 



Our Stocks and Dies are universally 
acknowledged to be THE BEST. 

Water, Gas and Steam Fitters' Tools, 
Hinged Pipe Vises, Pipe Cutters. 

t2ff° Send for Catalog. 



Hinired Pipe Vise. 
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BRIDGEPORT, COim89tfe&HA>T}FI 

--. >--'"-• ,39 Centre St. | W 





- «tf 



Simplicity 

or Construction 



is^Jne character- 
istic of Sterling Bicy- 
cles which has made 
them so popular — so 
famous. 

In their manufac- 
ture stress is laid not 
- ' only upon strength 

and fineness of material, quality of workmanship 
and precision of detail, but "simplicity as well. 

Then there are several features which contribute to 
Sterling success — the Corrugated Hub, which admits 
of tangent spokes without bending, the Sterling Fork- 
Crown — a special feature which many makers are 
attempting to imitate — and others. 

If one would pay a visit to the commodious Sterling 
factory, the truth of the famous expression — 



Sterling Bicpcles 

"Built Cike a Watcb" 



— would be apparent. Send for our Art Catalogue 
if you have not received one. 

Sterling Cpcle Works 

Chicago 

Itcto^ork Boston Denver San f rancisco 







